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LETTER OF TRANSMITTAL

DEPARTMENT OF TIE INTERIOR,
UNITED STATES GEOLOGICAL SURVEY,

Washington, 1. C., February 15, 1886,
SIR: Herewith 1 have the honor to transmit the secoud of my prelim-
inary studies on the Cambrian Faunas of North America. The larger
portion of the report was ready for publication July 7, 1885, but, having
visited a number of localities in Utah and Nevada during the season of
1885, numerous additions have been made to both the text and the plates.

' Very respectfully,
CHARLES D. WALCOTT.
Hon. J. W. POWELL, ¢
Director U. 8. Geological Survey.
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THE CAMBRIAN FAUNAS OF NORTH AMERICA.

By CHARLES D. WaLcoTT.

INTRODUCTORY OBSERVATIONS.

§ 1. In using the name Cambrian in this paper for the series of
strata characterized by the First or Primordial fauna of Barrande, I do
not forget the claims of the name “Upper Taconic,” which Dr. I,
Emmons proposed for the strata now placed under the Middle Cambrian
or Georgia Formation. At the end of these introductory observations
the reader will find some remarks upon this subject which define my
position at the present time.

§ 2. The term Cambrian is used from the belief that in so doing I
approve of the view of those writers that hold that each of the distin-
guished authors, respectively, of the names Silurian and Cambrian
will be fairly recognized, and geologic nomenclature advanced by the
use of the names Cambrian and Silurian for the divisions of strata char-
acterized by the first and third faunas as defined by Barrande. This is
spoken of here as, in the second edition of Geikie’s Manual of Geology,
1885, p. 651, the author has included the Cambrian as a subdivision of
the Silurian system. I do ngt wish at this place to question tho wis-
dom of this; but of the presence of a well defined geologic system
beneath the strata characterized by the second fauna of Barrande or
the Trenton fauna (including the Chazy and most of the Calciferous)
of North America, on the North American continent, there is no
question. The geologic sections given in this paper show it to have
a total thickness of over 18,000 feet, and that its middle division has
a known fauna of 43 genera, rcpresented by 107 species. We also
know that the Lower Cambrian or Paradoxides fauna has 32 genera
and 76 species ; that the Upper Cambrian or Potsdam fauna includes
52 genera and 212 species; that of the 393 species now known from
Cambrian rocks but very few pass up into the Calciferous horizon of
the Lower Silurian (Ordovician); and that the faunas of the two sys-
tems are so distinct in their general facies, and also in detail, that they
are quite as readily separated as the Silurian and the Devonian or the
Devonian and the Carboniferous. There is no doubt that in certain

(737) i
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12 CAMBRIAN FAUNAS OF NORTII AMERICA. [BULL.30,
areas the faunas of tho Oallnlbx-i:mu and the Lower Silurian (Ordovician)

ermingled; but tho same is more or less true of all the

systems are int ! i
g‘re'lt divisions of the entire geologic series from above the great Archean

break to the Quaternary. § .
§3. A good illustration of the mixing of the Upper Cambrian and the

Lower Silurian (Ordovician) faunas is shown in the Eureka 80(.:131011 0{:
Nevada, in the fauna dcscrilscd.hy M. ‘B:xrrzmde f_rom the environs of
Hof, in Bavaria, and still better in the 'lrcn‘mdoc of Great Britain ;. l?llt
all this mixing, at the boundary line, does not prevent the recognition
of the first and second faunas, as such, cither above or below the ho

rizon where the great change in the faunas took place.

REVIEW OF THE STRATA AND FAUNAS REFERRED TO THE MIDDLE
CAMBRIAN ORGEORGIA HORIZON.

§4. I have long been of the opinion that the paleontologist should
become personally acquainted with the strata containing the faunas he
is to study, and, as far as it is practicable, collect the fossils or superin-
tend their collection in order to learn their exact stratigraphic relations
to the geologic section and their relative position to each other in the
section ; but, in the study of the enormous thickness of strata in the
Rocky Mountain Paleozoie, it has often been impracticable to carry out
the work in the degrec of detail that is desirable. I have, however,
studied in the field most of the sections mentioned in this article, and
know from which borizons the collections were obtained, and therefore
with considerable confidence express conclusions that differ from those
reached by geologists and paleontologists who have arrived at their re-
sults through the accounts of the observations and collections of others
or from stratigraphic or paleontologic data considered without giving
due weight to the importance of combining them.

§5. While not desiring, at this time, to enter into a general discussion
of the stratigraphy and paleontology of the Cambrian System as a
whole, it appears desirable to present sufficient evidence to show that
the Potsdam and Georgia horizons are well-defined stratigraphic divi-
sions and distinguished by large and distinct faunas in the same geo-
graphic area and geologic sections.

§ 6. The stratigraphy of the Cambrian System of North America has
not been well known up to a comparatively recent date, and the extent
and the character of its organic record are not yet appreciated. Dana’s
Manl}a} fjf Geology, edition of 1881, p. 163, places the Cambrian as a
subdivision of the Lower Silurian, as follows :

L. Primordial or Cambrian Period, 2)

L. Acadian Epoch (2a). Shale and sandstone at St. John, New Brunswick,
the St. John group of Matthew and Logan, the Acadian group of Daw-
son; beds at St. John’s and elsewhere, in Newfoundland ; clay-slate and

sthcious slate of Braintree, Mass.; Ococe conglomerate and slates of East
Tennessee and North Carolina. . -
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WALCOTT.) INTRODUCTORY OBSERVATIONS, 13

1. Primordial or Cambrian Period — Continued.

2. Potsdam Epoch (2b). Sandstone of Potsdam and other places in Northern
and Northeastern New York, Western Vermont, and Canada; sandstone and
limestone of Troy, N. Y.; slate and limestone of Northwestern Vermont,
including the Georgia shales; limestone and sandstone of shores of the
Straits of Belle Isle; Chilhowee sandstone of East Tennecssee; sandstone
with some limestone in Wiscounsin and Minnesota.

§ 7. On paleontologic evidence, Prof. R. P. Whitfield (Bull. Amer.
Mus. Nat. Hist., vol. i, p. 140, 1885) correlates all the Cambrian faunas,
practically ignoring thestratigraphicevidence then published. Hesays:

My own impression, at the present time, is that the New York typical Potsdam is
about equivalent to the lower portion of the Wisconsin areas, and that the Acadian
beds of Canada and Vermont, and perhaps the other Atlantic areas, are not appreci-
ably different in age, but that the difference in faunwm is more the result of conditions
upon which life depended than a difference in timo.

§ 8. Dr. T. Sterry Hunt has been a strong supporter of the view that
the Cambrian System exists in North America as a system distinet from
the Lower Silurian (Ordovician), and advocates the use of the name
Ordovician of Lapworth in place of Lower Silurian and the retention
of the term Cambrian for the strata of the first fauna. e placed the
Upper Taconic of Emmons in the Cambrian and gave o table showing
the nomwenclature and classification of North American rocks (Can. Ree.
Sci., vol. i, p. 81, 1884).

§9. The accompanying observations on the geologic sections of a
portion of the Cambrian System and their contained faunas are also
given that the student may know the data upon which the writer pro-
posed dividing the Cambrian system of North America into subdivis-
ions in 1883 (Cambrian Syst. U. S. and Canada; Bull. Phil. Soc. Wash-
ington, vol. vi, p. 98, 1833).

We will begin with an examination of the Western Vermont sections
of the borders of Lake Champlain, where the Georgia Formation first
yielded a portion of its characteristic fauna.

GEORGIA FORMATION.

§ 10. The history of the Georgia Formation as we find it in the Geol-
ogy of Vermont, vol. i, pp. 357-8, 374, 18C1, is as follows:

Primitive z'giaaceaus State: Prof. Chester Dewoy's Geological map of Borkshire, Mass.; (Jolumb.iu
and Rensselaor Counties, Now York ; American Journal of Scienco and Arts, st sor., vol. viii,
1824,

Primitive Argillaceous Slate: Geological Report of Massachusetts, 1832.

Black Slate and Taconic Slate: Roofing slate of the upper part of tho Taconic Systom; Prof. E.Em-
mons's works on tho Taconic System, 1840-1860. )

Hudgon River Group or Lorraine Shales: Geological map of New York, 1842; also in the Paleontology
of Now York, vol. i, by Prof. James Hall, 1847. :

"' Roojing Slate of the Taconic System,” but considered ag of the Hudson River Group: Roports on the
Geology of Vormont, 1845-1847, by Prof. C. B. Adams. )

Upper part of the Hudson River Group, or & distinct group above the Hudson River Group: Quoted by
Prof. James Iall, from tho opinions of Sir William E. Logan ; Twelfth Annual Report of the Re-
gents of the University of the State of New York, 1859. ) )

Upper 1ludson River Group: Flementary Geology, thirty-first edition, p. 411; by Edward Hitchoock
and C. H. Hitchcock, 1860,
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14 CAMBRIAN FAUNAS OI' NORTH AMERICA. [BULL. 80,

Slates containing the First Fauna,or the Primordial Zone of Life: Lottor from M. Joachim Barrande to
L

rofessor Bronn, of Heidelbery, July 31‘, 1860. )
Belnla:g;u:r to the Primordial Zone of Life, and perhaps the equivalent of the Potsdam Sandstone : Lettor
from Sir William E. Logan to M. Jeachim Barrande, January 3, 1861.

Wo use the term Georgia Group to designato this tcrmin_from the t?\VIl of Georgia,
in Franklin County, Vermont, whero it is developed in its full proportions and wherg
the most interesting fossils havo been found. It isa name also which t.locs' not involve
any theory and may be used by both parties in the controversy respecting its age.

The ame:of Georgia Group or Georgia Slaic is given to this group of rocks rather
than any other, such as Fairhaven Slate ov Castleton Sla-fc,.becilrtlﬁc it is a purely
geological designation and has no reference to the economical value of the slate,
Two reasons may be given for the preference of Georgia: First. The whole of the
group is developed in tho town of Georgia, but is not in either of the others men-
tioned. It is a rule of geological nomenclature that the whole series of rocks must
be developed in the town, mountain, or along the river from which the name is de-
rived. Second. Nowhere but in Georgia, in Vermont, are the characteristic fossils of
the group displayed. They have as yet been found only in the New York portion of
the southern terrain, The geological character of the group is best developed in
Georgia, and we are therefore compelled to use the name of this town in describing
the slates geologically.

Lithological characters,.—The Georgia slate includes all the following varieties of
rock :

1. Clay slate.

2. Roofing slate.

3. Clay slate, approximating to micaceous sandstone.

4. Various kinds of limestone.

5. Brecciated limestone.

G. Conglomerate, composed of pebbles of limestone.

The Georgia slate includes what Professor Emmons has ranked as the black slate,
Taconic slate, and roofing slate; and yet not altogether, for we have regarded all the
black slate beneath the red sandrock as belonging to the Hudson River Group. The
characteristic trilobites of the Georgia slate are represented by Emmons in his 7a-
conic System, 1844, as found in the black slate.

There are three views respecting the age of the Georgia slate:

(1) Professor Emmons says it is the uppermost member of the Taconic System and
that the Taconic System is stratigraphically below the Potsdam sandstone — that is
to say, that the Taconic System is Cambrian. Upon pages 90, 91, of Part V of Amer-
ican Geology, the Taconic System is directly compared with the Skiddaw slates of
Cumberland. In opposition to this view, we would say that the Georgin slate rests
conformably upon the Red Sandrock series, as is shown in Fig. & 57, and its fossils rank
it as Lower Silurian rather than Cambrian.

(2) M. Barrande and Sir W. E. Logan, judging from paleontological evidence, re-
gard the Georgia slate as equivalent to the Primordial Zone C of Bohemia, or very
nearly the Potsdam sandstone of North America. * * *

(3) The stratigraphical view of the Georgia slate, which has been so ably defended

by Professor Hall, seems to demand for it a Place either above or equivalent to the
Oneida conglomerate,

§ 11. Aswe now know the Georgia Formation, it appears that Dr. Em-
mons was correct in placing it below the Potsdam sandstone, as was
also done by Mr. Billings and later writers. :

§ 12. The typical Georgia Formation, as developed in the town of Geor-
gia, Franklin County, Vermont, consists, as seen at the base, of a great
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WALCOTT.]' INTRODUCTORY OBSERVATIONS. 15

thickness of magnesian limestones that pass, in their upper portions,
into an arenaceous magnesian limestone that is overlaid by a belt of
arenaceo-argillaceous shales, and this by a great thickness of a purer
argillaceous shale that, high up, carries a brecciated limestone con-
glomerate and lenticular masses of sandstone and limestone, from the
size of a bean to masses 2,000 feet in thickness and several miles in
superficial area.

§ 13. A carefully measured section (fig. 1, page 16), beginning at the
base of the westward-facing cliff overlooking the level that reaches to the
shoreof Lake Champlain,and extending southeastward through Parker’s
quarry, and a little south of Georgia post office, gives the following:

: Feet.

Massive-bedded, bluish-gray dolomitic limestono with many inosculating

threads and bunches of a yellowish-drab sandy limestone that weathers

in relief ........... R R S S -
2. No. 1 passes into & steel-gray dolomitic limestone that weathers to a dark
buft and bluish black, with angular fragments of bluish-gray limestone
appearing irregularly at the surface. At 160 feet from the base the first
band of mottled limestone, “Calico” or Winooski marble, is moet with.
The latter grades into a reddish dolomite free from mottling, and then in

a gray limestone. (Fossils: Hyolithellus¥) ... ool .00
3. Gray dolomitic limestone in massive layers, some of whicluare mottled, red-
dish and white. but the larger part are gray and yellow, Many of the
gray layers break up into a columnarstructure, the columus being ar right
angles to the bedding. In a reddish-colored limestone, 200 feet from the

base, a slender clongate tube occurs, probably Hyolithellus micans. ......  47H
4. Reddish-pink dolomitic limestone weathering to n reddish brown and de-
composing, on the exposed edges, to an avennceons, dark, brownish-red

rock that shows numerous fragments ot fossils: Kutorgina Labradorica,

Obolella(?) sp., Salterella pulchella (?), Ptychoparia Adamsi, Olenellus

Thompsoni ..... RS G o e W R S R e eeeeeas 100
Gray arcnaccous limestono in rough massive layers, passing into more

evenly bedded light-gray arenaceous limestono,  Fossils similar to those

in 4 occur in the lower portion ........ SRR & (|

—
.

t:_.'\

Total thickness of Hmestone . ..ooee oo iicensinecnsieacasacaaas 1,000

6. Georgia shales.—Argillacco-micaceons and arenaccous shales confaining
numerons fossils at Parker's ledge and showing deposition contact on No. 5. 200
Strike at Parker's quarry N. 30° E., dip 8° to 12° L.
The fossiliferous shales at Parker’s quarry contain: Palwophycus incipiens, .
congreygatus, Diplograpius (2) simplexr, Climacograptus (?) Emmonsi, Kulor-
gina cingulata, Orthisina Orienlalis, 0, festinata, 0. transversa, 0. sp. (?),
Microdiscus Parkeri, Mesonucis Vermontana, Olencllus Thompsoni, Olenoides
Marcoui, Bathynotus holopyga, Plychoparia Adamsi, I’. Vulcanus, Prolypus
Hitcheocki, I, sencelus, and P, senectus var. parvulus.
7. East of the Parker quaarry the rocks are argillaceous shales with occasional
layers of hard gray limestone, one-half of an inch to two inches thick,
that carry numerous fragments of a lingnloid shell..................... 3,500
Strike of shales near top of 7 N. 40° to 60¢ E., dip 60° 8. E.

Light-gray qUATLZILO .ccves sevscs coan sovimosviossamarsvisessssresavassvane 00
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F16. 1.— Georgia section, This extends from Lake Champlain east to the Vermont Central Railroad track
of the town of Georgia post office. Horizontal scale, about 2,000 feet to the inch.

The figures 1 to 10 indicate the position of the lower strata of each of the divisions given in the descriptive seetion.

, and passes through the Parker trilobite quarry, and alittle south

a
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WALCOTT. | INTRODUCTORY OBSERVATIONS. 17

. . . . - - rm
9. Gray limestone in massive layers, with occasional intercalated bands of hard

argillaceous shale similar to that beneath the limestone. Many of the
beds of limestone appear to have been broken np into fragments and rece-

mented in Sitl. coceeeveccencaaanas e S R e T [ |, ]
Average strike of limestone beds N, 50° L., dip 50° to 90°, average dip
60° 8. E.

In this limestone belt, one mile north of whers the section crossed, a
fow fossils were found: Lingula, n. sp., Orthisina undt. (fragment),
Camarella undt. (probably new), Agnostus like . Orien, and Ptycho-
paria like P. ddamsi,

10. Argillaceous shales, very similar to those in the Parker ledge, continue on
up to the opposite side of the line of the Vermont Central Railvoad track.
At the base the shales rest conformably against the limestone of 9, and
above appear to be cut oft by a fault.

Strike N, 500 E,, dip 60° to 80° 8. E. for a distance beyond the limestone;
the dip theu decreases and does not exceed 20° for a long distance,
until within 1,000 feet of the railrowd rack, where the shales become
coarser and changed by addition of arenaceous material and the dip
increases.

Total thickness to fault line of No. 10, 3,500 to -, 500 feet.

§14. No. 8 of the scction when traced on its strike to the south-
west increases in force very rapidly to the thickness of 500 feet or more,
and also changes from a quartzite to a more or less ealearcous sand-
stone, containing irregular fragments of argillaceous shale.  Followed
to the northeast, it soon disappears and the limestones rest directly on
the shales. Continuing northeast on the limestone (9), it is tound to
decrease rapidly, and a mile northeast of where it is over 1,500 feet in
thickness the width across the outeron is not over 150 feet, and soon
the shales above it and those below it come together, the limestone
having disappeared. Southwest of the line of the section the width of
the outerop narrows, and north of Georgin Plains post oflice the entire
section is covered by beds of sand.

No. 9 appears to be a great lenticular mass of limestone (lentile
of Marcou), with intercalated beds of argillaceous shale, and more rarely
with arenaceous beds imbedded in the argillaceous shales.  The fauna
is Cambrian in character, and, in the absence of Olenellus and other
typical Middle Cambrian fossils, approaches that of the Upper Cam-
- brian or Potsdam sandstone,

§ 15. On Mr. Noah Parker’s farm a lenticular mass of calcarco-arena-
ceous rock is exposed on the edge of the first cliff facing west, where
trilobites are found: Olenellus, Bathynotus, &c. (6 of the section). The
mass is small: 25 feot in thickness at the center and about 50 feet in
diameter, as seen in the section. Erosion has removed most of the
shale from above it, but in a second lenticular mass, just back of it, the
shales may be seen resting over and against the upper side of the cal-
careo-arenaceous rock, and in the shales numerous small masses of a
similar rock occar that are not over six inches in diameter. On the
hill, still farther to the northeast, a hard calciferons sandrock occurs
that appears to be a remnant of a different formation from the shales

Bull. 30 2 (743)
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18 CAMBRIAN FAUNAS OI' NORTIH AMERICA. [BULL. 80,

below; but a close study shows it to be a portion of a lenticular mass
loft Ly orosion, and resting conformably on the shales beneath, each
dipping 100 eastward. Several other instances were observed where
erosion had left these masses resting on the shales; and it was not until
they were found to pass beneath the shales, to have portions of the
shale still preserved on their upper surface, and to contain the same
species of fossils as the shale, that the writer felt sure that they were
not fragments of the later formation deposited on the Cambrian beneath.
It is these masses that Prof. Jules Marcou referred to the Potsdam sand-
stone (Bull. Soc. Géol. de Fraunee, 3¢ sér., t. ix, p. 24, 1830). In a letter
to the writer, dated December 26, 1885, Prof. Marcou states that the
sandrock at Parker’s quarry was referred, by error, to the “Red Sand-
rock or Potsdam Sandstone,” as his field notes of 1861 place it in the
Georgia series as a “lentile.”

§ 16. A section taken east of Highgate Springs, beginning on the line
of the same fault as the Georgia section, gave a slighfly greater thick-
ness and also more arenaceous matter in the limestone series beneath
the Georgia shales,

The section begins on the cast side of the road running from St. Ar-
mand, Canada, to Swanton, Vt., near the house of Eldad Stearns:

Foet.
1. Compact gray silicions limestone in massive layers .........ccccevaavvanne. 20

9. Gray calciferous limestone, compaet, hard, evenly bedded, breaking up into

shaly layers in places. Some of the layers decompose on exposure into a
reddish sandy rock. .. cenn i i it it trrrer treeee ieees 180

3. Compact purplish, pinkish, or greenish colored silicious lnnestone in mas-
SIVE JAYEIS oo non o it eice acemes cacmenaeeetmemaneale e e 30

4. Thick layers of buff aud pinkish-colored silicious Jimestone with fragments
of Plychoparia Ad@msi......occ.cavevemamsmaecocecmce cecnanmas anaan 15

5. Heavy-bedded, reddish- purple, fine-grained magnesian limestone, breakmg
into apgular fragments (tychoparia Adamsi in abundance) ceeeveevveaen-. 50

Strike N. 30° E., dip 25° to 28° Ii.

6. Shaly and massive I::.ycrs of gray and purplish colored sandstones contain-
ing fragments of Plychoparia Adamsi, occurring at various horizons.... .... 175

7. Reddish-colored arenaceous limestone, with irregularly bedded massive lay-

ers of gray silicious limestone and a few more-evenly-bedded layers carry-

ing fossils: Kulorgina Labradorica, Orthisina festinata, Orthisina sp.?, Sce-

nella varians, Hyolithes sp.?, Salterella pulchella ?, Olenellus Thompsoni, Ptycho-

paria Adamsi, Ptychoparia Teucer. Layers of gray and buff sandstone also
OO BE INEOTRITR o oo o oo 7 P W [, 700
1,170

8. Georgia shales.—Argillaceous shale with interbedded masses of limestone,
layers of sandstone, and silicious limestone. In the limestone, Kulorgina
cingulata, Orthisina festinata, Olenellus Thompsoni, and Pfychoparia Adamsi

SEPTBRIIIE e O A R B AW A O A ... 1,000
9. Heavy layers of silicious limestone, with layers of sandstone midway, ex-
tending about 100 feet .. ...... i A S A 850

Average dip, 20°; distance, 2,500 feet. A fault line here cuts off the section.

§ 17. The section east of Swanton does not show as great a thickness
of the limestone beneath the Georgia shales, and a fault line crossing
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the shales a little obliquely to the strike cuts out a portion of them.
On the east side of the fault two or three hundred feet of shales occar,
and then a layer of conglomerate limestone, the fragments of limestone
varying in size from pebbles to masses six feet in diameter. The fossils
in the limestone conglomerate have an Upper Cambrian aspect and
include Lingula sp. 7, Amphion ? sp. ¥, Bathyurus sp. ?, a fauna that may
be compared to that obtained in some of the bowlders of the Point Levis
conglomerate. Below the horizon of the conglomerate and in situ in
the shales we found Lingulella, Agnostus, Ptychoparia, and Solenopleura.
With the exception of the Solenopleura the species appear to be iden-
tical with those in the limestone ¢ lentile” (9) of the Georgia section.

§ 18. A section taken east of Swanton by Sir William Logan (Geol.
Canada, 1863, pp. 281, 282) gave 520 feet of the limestone series; by
tracing the strata north nearly to tbe Canadian boundary, he found
1,410 feet in the section ; another series north of the Province line gave
790 feet, making a total of 2,200 feet, part of which is estimated.

That this portion of the Georgia IFormation thickens rapidly to the
north there is little doubt; but, until further study is given to the cor-
relation of the horizons in the different sections, I should hesitate in
giving it a greater thickness than 1,500 feet within the limits of Ver-
mont.

§ 19. The fauna of the Olenellus horizon east of Swanton gives Ku-
torgina cingulata, K. Labradorica, Orthisina Orientalis, O. festinata, Ca-
marella antiquata, Salterella pulchella 2, Olenellus Thompsoni, Ptychoparia
Adamst, and Protypus senectus.

§ 20. The Georgia section is the most complete yet taken in Vermont.
At the base the great belt of dolomitic limestone, 1,000 feet in thickness,
rests against and, Dy a fault, overlaps the Trentou limestones of the
Ordovician (Lower Silurian). What was originally beneath the lime-
stone belt is yet undetermined.! In the Highgate section the limestone
belt is nearly 1,200 feet thick. The base is unknown, and it does not
appear, so far as I know, in the section between the boundary of the
United States and Canada and the outcrops in the town of Georgia.

TFollowing the Georgia section up, a great mass of argillaceous shales,
3,500 feet in thickness, occurs before the great ‘“lentile” is reached;
this adds 1,700 feet, and above it 3,500 feet of shales come in before a
probable line of faulting is met with.

§ 21. East of the supposed fault line, which is indicated by the dis-
turbed strata and a high ridge of hills, just east of the Vermont Cen-
tml- Railroad track, a great thickness of hard argillaceous shales or
argillites occurs, in which no traces of organic life have been discovered
to my knowledge. It may be that in taking the section eastward of
M quarry faults occur that hayve duplicated the thickuess of the

' 1t may be that the great mass of shaly argillites east of the Vermont Central Rail-

::2: track, in the Georgia section, are older than the limestones at the base of the
1on; but until further evidence is obtained this is merely conjectural. (See § 13.)
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shales, but, on each side of the great ¢ lentile,” deposition contacts
were seen and no evidence of the presence of faults was observed. If
this is actually the case, we have nearly ten thousand feet of straty,
that we know to be of Cambrian age by its contained fauna. Of this
I refer 4,500 feet to the Middle Cambrian or Georgia Formation, or 1
to 7, inclusive, of the Georgia section.

§ 22. The typical Georgia fauna, Kutorgina cingulate, K. Labrador.
ica, Olenellus, Mesonacis, Buthynotus, Ptychoparia Adamsi, and Protypus
senectus, is found in the upper portion of the great limestone series, in
the sandy and argillaceous shales resting on it, and in the masses of
interbedded calciferous sandrock which Prof. Marcou referred to the
Potsdam. (Sec§ 15.) How far this fauna extends up into the shales
we do not know. One species, Ptychoparia Adamsi, is represented in
the great “lentile” of the Georgia section; but I have drawn the pro-
visional upper line of the Georgia Formation at the base of the ‘“lentile,”
as it is here that we meet with a decided change in the fauna, and the
deposit is unlike that found below. It will probably be found that the
limestone conglomerate, east of Swanton, occurs at about the same rel-
ative horizon as the “lentile” of the Georgia section.

§ 23. In the group of sections, taken across New Hampshire and Ver-
mont, by Prof. C. H. Hitchcock (Bull. Amer. Mus. Nat. Hist., vol. i,
pls. 16 and 17, 1884) we find the Georgia series called Potsdam and
Cambrian; and, in section XI, pl. 17, the Georgia shales (Cambrian of
section) are represented as resting conformably on the magnesian lime-
stones (Potsdam of section), in the town of Milton. This is the same
as we found it in the Georgia section a few miles to the north; and the
great “lentile” (8 and 9 of the Georgia section) corresponds in po-
sition to the mass of Cambro-Silurian limestone of I’rofessor Hitch-
cock’s section XI, except that it is represented as let into the shales by
fanlting. The Highgate section of Hitcheock, No. XIII, shows a fault
between the limestone and the shales, but my section crossed where
the succession was unbroken.

§ 24. The fauna of the Georgia shales is referred to the Lower Pots-
dam by Professors Whitfield and Hitcheock in the text accompanying
the sections, but, as is shown in this paper, there is very little reason
for longer retaining that name.

§ 25. The great wmass of argillites, east of the railroad track, in the
Georgia section, is placed under the Cambrian by Professor Hitcheock,

and the reference may be correct; but, as yet, we have no recognized
Cambrian fossils from it.

STRATIGRAPHIC RELATIONS OF THE 'GEORGIA TO THE POTSDAM
SERIES.

§ 26. Across Lake Champlain .from Vermont in New York the typ-
ical Potsdum sandstone rests against.the Archean of the Adirondack
Mountains. At the Au Sable Chasm there have been found Lingulepis
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minima, Obolella prima, Palwacmea. typica, Climactichnites sp.? and
Ptyckopaﬁa minuta. Iollowing the sandstone south from Au Sable
Chasm, it is seen outcropping all along the base of the mountaing; at
the Falls in the Hudson at Corinth, a good section is shown; in the
town of Greenfield, Saratoga County, the calcareous layers begin to
appear resting on the sandstone, and a little west of -Saratoga Springs
numerousfossils are found that correspond in character to the higher
Potsdam sandstone faunas of Wisconsin; they are associated with
others of a more distinctive type. The species now known are:

Cryptozoa prolifernm, Billingsia Saratogensis,
Lingulepis acuminata. Matthevia variabilis,
Platyceras minutissimum, Dicellocephalns Hartti.
Platyceras Hoyti. Dicellocephalus speciosus.
Metoptoma cornutiforme. Ptychoparia calcifera.
Metoptoma simplex. Ptychoparia (A.) Saratogensis.

§ 27. This fauna was first noticed in a paper printed in advance of
the Thirty-Second Annual Report of the New York State Museum of
Natural History. It was there referred to the Calciferous horizon,
January, 1879. The fauna was referred to as Potsdam in 1883 (Amer.
Jour. Sci., 3d ser., vol. xxvi, p. 439, foot-note), and the reference to the
Calciferous corrected in 1884 (Science, vol. iii, p. 136, February, 1584),
and attention again called to the relations of the fauna to that of the
Potsdam sandstone of Wisconsin, and a list of species given.

Prof. Jules Marcou refers to the latter reference and uses the data
in his work on the ¢“Taconic System and its position in Stratigraphie
Geology?” (Proc. Amer. Acad. Sci. and Arts, new ser., vol. xii, p. 222,
1885). '

§ 28.' The means of comparison now at hand show the Saratoga Pots-
dam fauna to be still more closely related to the Wisconsin Potsdam
sandstone fauna.

NEW YORK. WISCONSIN.
Cryptozoa proliferum. ........ R e S
Lingulepis acuminatf..coeunnoneonn.o Lingulepis piunmformis.
Platyceras minutissimum...... .. ......Platyceras minutissimum.
Platyceras HOoyti.coeee cocoenas tacmnscaeeee sommss samnaeconanssanses
Metoptoma cornutiforme .............. Metoptoma cornutiforme.
Motoptoma simplex . ...cn.-... veeseescessseemcsssmamas ssanasonn -
Billingsin Sarntogensis. ... ccovieeees caeaocscsmneanrosmnscasiannes
Matthevin variabilis «cueveeevameveserscccaceremrrecanaioemnecaann:
Dicellocephalus Hartti ...... — Dicellocephalus Pepinensis.
Dicellocephalus speciosus ... ..ceue--- Dicellocephalus Lodensis.
Ptychoparia caleifera .....coocveeeen - Ptychoparia Wisconsensis.
Ptychoparia (A.) Saratogensis . .... .... Ptychoparia Oweni (of Hall).

Platyceras minutissimum and Motoptoma cornutiforme oceur ab Osce.ola
Mills, Wisconsin, and Dicellocephalus speciosus appears to be identical
with D, Lodensis.
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§ 29. The section, as determined/north and-west of Saratoga Springs
and north as far as Corinth, New York, has, at the base, about 200 feet
of evenly-bedded, compact, grayish to yellowish colored sandstone, that
rests unconformably against or upon spurs or ridges of Archean gneiss,
Including the upper beds of sandstone, the section three miles north of
Saratoga village gives in ascending order:

Feet,

1. Sandstone......-.c-.....  eeeecesmesssemmessessssmssssssssmsavtanacssaeen 40
2, Oolitic limestone ..cccccveeiceanacannans seeeeeteseessasasaneannees s aae 30
3. Dark-gray, evenly-bedded limestone. ......cccveemenninmmnniancesancaenan. 50
4, Unfossiliferous, impure, compact, more or less silicious limestone........... 95
5. Massive-bedded, slightly magnesian, gray and dove colored limestones with

numerous small, narrow-chambered cephalopods near the summit -....... 35
6. Massive layers of steel-gray, more or less arenaceous limestone............ 125
7. Bird’s-05e 1imestone - «o .. .oc.vereaeraoccnaccmar sians e e 6
€. Black River limestone.....cceve e cocaaenesenecaenmnaacaaaaa S S 4
9. Trenton limestone coeece soneanieamaeiimeacacsceseanssneomeecaccns nanmans 404

§30. The passage from the Potsdam fossil-bearing limestone (3) of the
section to the dove-colored limestones (5) carrying the cephalopods is
through a considerable thickness of more or less impure, slightly arena-
ceous limestone that has been known as the Calciferous sandrock in
this region, but at Rock City Falls the Bird’s-eye limestone rests di-
rectly on similar beds, and from a study of the strata to the northeast,
in the vicinity of Glens Falls, I am inclined to think that it is impos-
sible to recognize, by lithologic characters, the Calciferous formation as
distinet from the Chazy limestone horizon; and at Glens Falls Maclurea
magna and great numbers of an, Ophilita like 0. compacta are found in
the same stratum of rock but a little distance beneath the Trenton lime-
stone, an occurrence that renders it very difficult to state what is to be
assigned to the Calciferous horizon in this region and also in the valley
of Lake Champlain, as our section at Chazy, N. Y., gave 700 feet of
limestone with Chazy fossils to the base, where the limestone rested on
the sandy, fucoidal layers just above the Potsdam sandstone. These
fucoidal layers have been referred to the Calciferous on but very slight
evidence.!

§ 31. The limestone (2, 3) capping the sandstone (1) of the section is also
found at Whitehall and at Comstock’s Landing, Washington County,
New York, where it has been, as was the limestone (2, 3), referred to
the Calciferous. The limestone 2 and 3 appears to have been, on the
southwestern side of the Adirondack Mountains, the closing deposit of
the Cambrian; and there is but little doubt that if we could find &
fauna in the limestone (4) of the section it would serve to connect the
Cambrian and Lower Silurian (Ordovician) faunas.

! This nonconformity by non-deposition, noticed by Logan, is nowhere better i]]l.l_B-:
trated than in this section; the entire Calciferous or Phillipsburg formation, so near

at hand, is absent. The same irregularity of deposits, indicating varying levels in
the sea bed, is noticeable around the Adirondacks to the southern side,

(748)




http://www.geology.19thcenturyscience.org/books/1886-Walcott-CambrianFaunas/README.htm

WALCOTT.] INTRODUCTORY OBSERVATIONS. 23

§32. The beds 2, 3, 4 fill in, to a certain degree, the gap which exists
between the Potsdam and the Chazy, in the Chazy section. In theé Mo-
hawk Valley, at Little Falls and at Fort Plain, the Chazy formation is
absent, a considerable development of the Calciferous, 300 feet or more,
filling in the space between the Archean and the Trenton (Bird’s-eye
limestone) ; the Potsdam and older Cambrian formations being absent
except at the ¢ Little Nose,” on the New York, West Shore and Buf-
falo Railroad, Montgomery County, New York, where a band of decom-
posed gneiss and lenticular masses of shale, that occurs between the
gneiss and Calciferous sandrock, is referred to the Potsdam horizon.
(Prof. James Hall.)

§ 33. In the February number of the American Journal of Science (3d
ser., vol. Xxxi, pp. 125-133), Prof. W. B. Dwight describes a belt of lime-
stone near Poughkeepsie, New York, containing fossils of the Potsdam
fauna that, from the references made to them, appear to be identical
with the fauna of the Saratoga Potsdam limestone, even to an identity
of species. The limestone is described as over 300 feet in thickness,
and 12 or more species of fossils have been recognized. This discovery
is of great interest and importance, as it shows the presence of the
Potsdam fauna of the Adirondack region 100 miles farther south and in
the line of a series of sediments that, 50 miles north, carry the fauna
of the Middle Cambrian. The inference is plain that we may expect to
find the two faunas in the same section, somewhere along the line of the
Upper Taconic of Emmons.

§ 34. From what has already been given, it is evident that the Pots-
dam formation has not been observed by the writer in Northern Ver-
mont as it exists in New York, but the inference is that the upper mem-
bers of the Georgia section, or those carrying the lenticular and brec-
ciated masses of limestoune, are near the Potsdam horizon, or, as Sir
William Logan said, in speaking of the equivalents of the Potsdam
(Geol. Canada, 1863, p. 235), “out in deep water the deposit may have
been a black, partially calecarcous mud, such as would give rise to the
shales and limestones which come from beneath the Quebec group.”
This view is illustrated by the ideal diagrammatic section, fig. 2, page 25.

§ 35. Accepting the conclusion that the matrix of the conglomerates
at Point Levis is of Calciferous age, which was Sir William Logan’s view,
as expressed on page 233 of the Geology of Canada, the above view of
the origin of the Georgia shales and the included calcarcous beds, and
their equivalency to the Potsdam Sandstone, is, to a certain extent, cor-
rect; the error consisted in considering the entire deposit as equivalent
to the Potsdam, whereas it appears from the faunas that the limestone
series of the Georgia Formation, including the  Winooski marble” and
“Red sandrock,” was a deposit antedating the Potsdam Sandstone of the
New York series ; that a considerable portion of the Georgia shales also
antedated the latter, and that strata of an age equivalent to the Pots-
dam Sandstone were deposited in a continuous series, and conformably
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on the deposits beneath. Such appears to be the deduction from the
Georgia, Swanton, and Highgate sections when gompared with those of
the Potsdam about the eastern and southeastern base of the Adirondack
Mountains.

§36. The view expressed by the section, fig. 2, page 23, is that there
was a practically conformable deposition of sediments, against and over
the Archean area of the Adirondack Mountains, from early Cambriay

“times up to the close of the deposition of the sediment forming the Utica
shale, except i the case of the unconformity by non-deposition between
the Potsdam and the Chazy.. The writer has seen the deposition contact
of the Utica shale, agaiust the granite, on the eastern side of the Adiron-
dack Mountains, in Essex County, New York, and takes that as the up-
per line of the ideal section, although he has little doubt that the forma-
tions overlying the Utica shale, even through the Silurian, were depos-
ited against and over the Archean of the Adirondacks and subsequently
removed by denudation. Numerous minor faults now bring the strata of
the ideal section in various relations to one another, e. g., the Potsdam
sandstone resting against the Chazy and the Trenton, as at Chazy, N, Y.;
the limestone of the Middle Cambrian of the Georgia section thrust over
on the Trenton series, &c. 4

§37. In Fig. 2, the Potsdam formation, near the Adirondacks, is rep-
resented as a sandstone; to the eastward, as an arenaceous argillaceous
shale; and beyond, as an argillaceous slate with irregular masses of lime-
stone (lentiles) and thin beds of limestone intercalated in the slate or
shales. This succession shows shore, oftf-shore, and deeper water de-
posits. The Trenton, Chazy, and Georgia limestones are represented as
deposited directly against the Archean. We know this was the case with
the Utica shale, and it appears to point to the submergence of the Adi-
rqndacks in the vicinity of the contact observed in Essex County, so as
to prevent the disintegration and deposition of the materials composing
the Archean, the mud, forming the Utica shale, being deposited against
the ledges of granite that were entirely below atmospheric or wave ac-
tion.

ST. LAWRENCE VALLEY.

§38. The conglomerate limestones of Bic Harbor, St. Simon, and up
the St. Lawrence to the island of Orleans, and thence southwest toward
Lake Champlain, do not appear to have been derived from pre-existing
strata where they were deposited, as appears to be the case with the
brecciated limestone in the vicinity of Troy, N. Y., but to have been
transported and deposited as a portion of formation of a later geologic
age. Dr. Selwyn has shown this to be the case with the Point Levis
beds which contain bowlders, some of which carry Georgia fossils, others
Potsdam fossils, and others Calciferous fossils, the last being nearly
contemporaneous with the matrix of the conglomerate, the noted grap-
tolite-bearing shales.
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Fic. 2.—Ideal section, from the Adirondacks east over the line of the Georgia section, at the close of the deposition of the Utica Shales.

Lake Champlain is now situated over the area indicated by the position of its name, and the Georgia section, Fig. 1, page 16, is situated betwcen the lake and the east end
of the section on the right side of the figure. The division marked Cambrian? is unknown by actual observation on the line of the Georgia section, the Potsdam and

Georgia Formations comprising the known Cambrian.

WALCOTT.]
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§39. Sir William Logan, in describing the section at Trois Pistoles,
says: “At Trois Pistoles, in a section of 700 feet of strata, 150 feet, at
the base consist of gray calcareous sandstones and coarse limestone
conglomerates, the latter comprising one-third of the amt_aunt, in nine
separate layers of from two to sixteen feet thick. The matrix of the con.
glomerates is a gray calcareous sandstone; and the rounded masses im-
edded in it, in addition to limestone, consist of quartz, and occasionally
of amygdaloidal diorite. Of the limestone and the diorite, there are
masses weighing from a pound to a ton, while the quartz pebbles seldom
exceed an ounce.” (Geol. Canada, 1863, p. 260.) This mode of occur-
rence compels us to refer to the faunas as from strata of which Wwe have,
as yet, no positive information.

§40. From Bic Harbor, Trois Pistoles, and St. Simon the following
species have been found in the conglomerate limestone, as observed in
the collection of the Canadian Geological Survey:

Lingulella c®lata. Agnostus sp. 1.

Iphidea bella. Microdiscus lobatus.

Kutorgina cingulata. Microdiscus speciosus,

Obolella crassa. Olenellus Thompsoni.

Obolella Circe. Olenoides Marcoui.,

Obolella gemma. Olenoides levis. _

Orthis 2 n. sp. Ptychoparia Adamsi.

Platyceras prim@vam. - Ptychoparia Teucer.

Scenella retusa. Ptychoparia ? trilineata.
Stenotheca rngosa. Ptychoparia sp. undt.

Hyolithes Americanus. Ptychoparia (Agraulos) strenuus,
Hyolithes communis. Protypus senectus.

Hyolithes princeps. Protypus senectus var. parvulus,

Hyolithellus micans,

§41. On the island of Orleans, Dr. Selwyn found in the conglomerate

limestone:
Obolella crassa. Ptychoparia Adamsi.
Orthisina sp. 1. Ptychoparia Vuleanus.
Camerella sp. ¥. Solenopleura sp. 1.
Hyolithes Americanus. Protypus senectus ¢,
Hyolithellus micans. Olenoides Marcoui,
Olenellus Thompsoni, Olenoides levis,

§42..At Point Levis, Dr. Selwyn also discovered a pebble of lime-
stone, in the conglomerate beds, filled with beautifully preserved speci-
mens of Salterella pulchella. ‘

2 TROY, NEW YORK.

§43. Pass_ing to the locality which Mr. S. W. Ford has made so well
known by his refsearches, we find that the conglomerate limestone is of
the same geologic age as the limestones with which it is interbedded in
the argillaceous shales, as both carry the same fauna; and the conglom-
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erate is brecciated, although showing evidences of wear in most in-
stances. The limestone appears to have been consolidated and then
subjected to wave action. In some instances great masses of the
evenly-bedded layers remain intact, while a little distance away they
are broken up and buried in arenaceous and argillaceous sedimen*s.

§ 44. The section as described by Mr. Ford (Amer. Jour. Sei., 3d ser.,
vol. ii, p. 33) consists, ‘“for the most part, of coarse red and yellow
weathering slates and shales, with occasional thin-bedded sandstones;
but most of them are supposed, and four of them are known, to hold
subordinate limestone deposits. Of these deposits the two westernmost
individually consist of a few courses of thick-bedded limestone, and of
irregular, sometimes lenticular, sparry and frequently pebbly masses,
varying from one pound to several hundred pounds in weight, imbedded
in a coarse, dirty-looking arenaceous matrix; while the others form tol-
erably compact even-bedded limestones, withan abundance of scattered
black nodules, from 25 to 30 feet in thickness. The same species of
fossils, with a few exceptions, have been found in both the even-bedded
and conglomerate limestones.”

§ 45. The following list is made from the species in Mr. Ford’s collec-
tions and those of the United States Geological Survey :

Ethmophyllum rarum. Hyolithes communis var. Emmonsi.
Ethmophyllum Rensselaericum.  Hyolithes impar.
Lingulella cwlata. Hyolithes sp. 1.
Obolella crassa. Hyolithellus micans.
Obolella gemma. . Leperditia Troyensis.
Obolella nitida. Agnostus nobilis.
Orthis sp. 1. Microdiscus speciosus.
Fordilla Troyensis. Microdiscus Meeki.
Scenella retusa. Microdiscus lobatus.
Stenotheca rugosa. Olenellus asaphoides.
Platyceras primsvum. Ptychoparia trilineata.
Hyolithes Americanus. Solenopleura Nana.

Hyolithes communis.

§ 46. South of Schodack Landing, in Columbia County, New York, Mr,
Ford obtained a better section than at Troy (Amer. Jour. Sei., 3d ser.,
vol. xxviii, p. 36). The base is cut oft by a fault and the upper limits
are unknown. It shows the varied character of the strata and the
position of the brecciated limestone (in 7 of section), carrying twelve
species of fossils identical with those at Troy, viz:

Paleophycus incipiens. Hyolithellus micans.
Lingulella cwlata. Fordilla Troyensis.
Obolells crassa. Microdiscus lobatus.
Stenotheca rugosa. Microdiscus speciosus.
Hyolithes Americanus. Olenellus asaphoides.
Hyolithes impar, g Ptychoparia trilineata.
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The following is the section measured by Mr. Ford :

8. Bluish-gray slate, about ... e it iicaii et s 10 feet,

7. Eveun-bedded limestono, becoming breccinted at top....coceeececanennnn. 5 feet,

G. Green caleareous Slato...ccveecces cocceacamncaceacacncnss sammasananoans 2!.0 feet,

5. Reddish quartz rock ..... A e e R SR R e R R et e {ncheg,

4. Green calearcous SIate. ... .cccesiiians comnsiiiiie e s e 6 inches,

3. Reddish quartz 10CK. ... veceeeerscoaeiiac it ceeriemer e esacaee s 1 foot,
2, Dark-blue compact limestone, in regular courses, with slight shaly part-

1117, SOOI RS e 13 feet.

1. Bluish-gray slate..coee oo iaemeiaecei e imeee e aiee R 80 feet,.

. I
Total thickness about ..c.ceeeicenievrremacerecaseccancecnmecnannon- 120 feet,

Two species are known from No. 2, Lingulella ceelata and Microdiscus
speciosus, and Hyolithellus micans ¥ occurs in No. 1.

§ 47. "A section that I hurriedly examined with Mr. 8.W. Ford, on Kin-
derhook Creek, above Stockport, Columbia County, New York, gives a
greater thickness than the sections to the north, and is more like the
sections given by Dr. Emmons as occurring in Washington County,
New York.

All the thicknesses are estimated from the base up:

Feet.

1. Greenish-drab argillaceous or silico-argillaceous shale ... cceevnveeaaeaaa. . 2,000

2. Gray limestone, evenly bedded, shaly, and also brecciated...... ..o ooo.o.. 50
3. Bluish-gray silico-argillaceous shale, with compact arenaceous layers at

irregular intervals ... ... ...l e e N 800

4. Evenly-bedded and brecciated limestone, with Olenellus and Lingulella celata. 25

5, Dark and grayish shale, changing into slaty shale towards the summit..... 1,200

4,075

The section shows the Olenellus horizon underlaid by a great thick-
ness of shaly beds and that the massive limestone of the Georgia sec-
tion is absent at this point. It is dangerous, however, to correlate in
this way, as the shales may have been deposited to a much greater
thickness than to the north in Vermont and the Olenellus fauna given a
greater vertical distribution. ‘

§ 48. Stratigraphically we cannot now connect the sections of Frank-
lin County, Vermont, and those of Eastern New York with those of
the Straits of Belle Isle or Newfoundland. T think it is only a ques-
tion of careful field work to connect the Vermont and New York sce-
tions; the Vermont section will probably be traced northward into
Canada, and the source of the conglomerates of the island of Orleans,
Bic Harbor, &c., discovered. The presence of almost similar conglom-
erates in the Troy section, in connection with evenly-bedded strata. car-
rying the same fauna, points to one condition under which the conglom-
era:ces may occur, but it is hazardous to consider that this is the method
pf’lts origin along the St. Lawrence, as at Point Levis, where the dé-
bn:rfll;rived from’ three geological formations was buried in a common
ma -

g . (754)
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NEWFOUNDLAND.

§ 49. As we have already noticed, the Georgia fauna is found in the
vicinity of Quebec, Canada, and eastward along the south shore of the
St. Lawrence River, in conglomerates of a later group; but at Bonne
Bay on the west coast, I’Anse au Loup on the north side of the Straits
of Belle Isle, and at Topsail Head, the extreme eastern locality, near
St. John’s, it occurs in situ. The Topsail Head locality has not been
thoroughly worked, but I recognized, in the collections of the Canadian
Geological Survey :

Scenella reticulata. Ipbidea Lella.
Stenotheca rugosa. Protypus senectus var. parvuluas.

Of these Stenotheca rugosa and Protypus senectus are found at I?Anse
au Loup, and Bic Harbor, below Quebec. '

§ 50. The section given by Logan (Geol. Canada, 1863, pp. 865-867)
of the strata holding the Georgia fauna at Bonne Bay gives over 2,000
feet in thickness; but, as the section was not taken by him and as there
is confusion in relation to the fossils collected from it, a doubt remains as
toits valune. The species mentioned (Geol. Canada, 1863, p. 866) include
Kutorgina Labradorica, Obolella chromatica, Salterella sp., Olenellus sp.?
Ptychoparia sp.? Reference is made to a species of Bathyurus like B.
extans, and, from an examination of the specimens and also associated
fossils, I have no doubt that it is Bathyurus extans of the Trenton.  The
other species mentioned I did not see when looking over the collection
of the Geological Survey of Canada. The section at I’Anse au Loup,
as given in the Geology of Canada, p. 288, shows 231 feet of arenaceous
beds at the base, overlaid by 143 feet of gray, reddish, and greenish
limestones. I recently examined the collections from these limestones,
now in the Canadian Geological Survey collection, and found the fol-
lowing species, most of which had been recognized and described by

Mr. Billings:
Palieophycus incipiens. Stenothoca elongata.
Ethmophyllum profundum, Stenotheca rugosa.
_ Archwreocyathus Atlanticus. Hyolithes Billingsi.

. Archseocyathus Billingsi. Salterella pulchella.
Iphidea bella. Salterella rugosa.
Kutorgina cingulata. Olencllus Thompsont.
Kutorgina Labradorica. Ptychoparia miser.

Obolella chromatica. Protypus senectus.
Orthis, 2 sp. _ Solenopleura (like 8. Nana).

§ 51. In passing from the castern to the western side of the continent
the Georgia horizon is not met with, as far as known, until we reach
iUntohthe heart of the Rocky Mountains, in the great Wasatch Range of

tah,

Prof. N. H. Winchell has described Paradoxides Barberi from so-called
Potsdam strata (Geol. and Nat. Hist. Survey Minnesota, Thirteenth Ann.
Rep., 1885, p. 67), but after examining the specimen I am led to doubt
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whether it is ovganic at all; even if it were, tho reference to the genug
is conjectural, as such a trilobite might belong to the genus Olerf,eum’
Olenoides, Dicellocephalus, or even Crepicephalus, as we hav"e specimensg
of the latter from the Potsdam of Alabama 20 centimeters in length, in.
cluding terminal spines of the pygidium. The brachiopod from tl}e Cat.
linite quarry, described as Lingula calumet, looks very n:fufzh like an
Obolella. 1t is therefore evident that the fossils of the Catlinite beds do
not fix the geologic horizon so that we can correlate them, although the
section is much like that of the Grand Caiion of the Colorado, and the
Catlinite beds are probably Pre-Cambrian. Geographically, we should
speak of the Wasateh section first, but, as the section and f-fmna are
more thoroughly known in Nevada, that area will now be considered.

NEVADA.

§ 52. The Georgia horizon, in the Cambrian section of the Eureka
mining district of Central Nevada, is shown in the accompanying sec-
tion, taken from Mr. Arnold Hague’s Report on the Geology of the Eureka
District, p. 253 (Abstract in Ann. Rep. Director U. S. Geol. Survey,

1-82):
15 ) [Cambrian, 7,700 feet.]

5. | Hamburg shale..ccvveavennanans 350 | Yellow argillaceous shale; layers of chert
podules throughout the bed, but more
abundant near the top.

4. | Hamburg limestone ............ 1,200 | Dark-gray and grapular limestone; sur-
’ faco weathering. rough and ragged;
only slight traces of bedding.

8. | Secret Cafion shale ............. 1,600 | Yellow and gray argillaceous shales, pass-
ing into shaly limestone near the top;
interstratified layers of shale and thinly
bedded limestones.

2. | Prospect Mountain limestone...' 3,050 | Gray compact limestons, lighter in color
than the Ilamburg limestone, traversed
with thin seams of ecalcite; badding‘
planes very imporfect.

. l |

1. | Prospect Mountain quartzito ...| 1,500 | Bedded brownish-white quartzites, weath-
ering dark brown; l‘urrugi‘noua near the
base; intercalated thin layers of arona-
ceous shales; beds whiter near the sum-
mit. -

Total section cuceveenvrnnnnnnn.. 7,700

§53. At the summit of 1 the quartzite becomes more thinly bedded
and passes into an arenaceous shale which is more or less calcareous
and, in its extension northward, is replaced by limestone. This belt of
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Fi16. 3.—Eurcka section. This extends over the Cambrian strata of the Eureka district and up to the base of the Trenton limestone horizon of the Lower Silurian (Ordo-
vician).

The numbers on the upper line correspond to the numbers on the divisions given in the descriptive section: 1 and PQ. Prospect Mountain quartzite; 2 and PL, Prospect
limestone; 3 and SC, Secret Cajion shale; 4 and 1I, Hamburg limestone; HS, Hamburg shale; I*, Pogonip limestone; E, Earcka qnartzite; HA, hornblende-andesite; LC,
Lower Carboniferous; DP, Devonian. -

The dike represented in the Sceret Canon shale is not continuous, and on the line upen which the fossils were collected it was not observed, the section being nnbroken
from 1 to the great dike beyoud the Eurcka quartzite.

The section is copied from the unpublished map of sections, by Mr. Arnold Hague, illustrating the Geology of the Eurcka district. Scale, 1,800 feet to the inch.
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shale and limestone is from 100 to 200 feet in thickness and carries ny,.
merous fragments of fossils, among which we have determined six spe.
cies, viz: Kutorgina Prospectensis, Scenella conula, Olenoides quadriceps,
Olenellus Gilberti, 0. Iddingsi, Anomocare parvum,and Ptychoparia sp, ¢

§54. The Prospect Mountain limestone is practically a continuation
of the limestone of the upper portion of No. 1, and 500 feet up in it
we find, in a band of shale, Scenella conula, Agnostus interstrictus 1,
Olenoides quadriceps, Ptychoparia Prospectensis. All but the last apg
closely related to species from the Georgia horizon, in either Vermont
or Canada. One other species, Stenotheca elongata, which is found as.
sociated with Olenellus Thompsoni, Protypus senectus, &c., at I’ Anse ay
Loup, is found 2,000 feet higher up in the limestone. Another species,
Olenoides spinosus, is found in association with species characteristic of
a lower horizon than the typical Potsdam of Eureka, at Pioche, Nevada,

§55. Within a short distance of the summit of the limestone (2) we
found a fauna that is more readily veferred to the Upper Cambrian or
Potsdam horizon, although Stenotheca clongata, Protypus senectus, and
Olenoides spinosus are elsewhere found in the Middle Cambrian. This
fauna includes representatives of both the Georgia and the Potsdam
faunas, and is, in a measure, the passage fauna between them. The
species are:

Obolella (like O. pretiosa). Protypus senectus,
Lingula manticula. Protypus expansus.
Kutorgina Whitfieldi. Dicellocephalus ? nasutus.
Orthis Eurekensis. Ptychoparia Oweni.
Stenotheca elongata. Ptychoparia Haguei.
Agnostus communis, Ptychoparia occidentalis.
Agnostus bidens. Ptychoparia dissimilis.
Agnostus Neon. Olenoides spinosus.

Agnostus Richmondensis,

§56. At the summit of No. 3 the fauna is without traces of the spe-
cies found in the Olenellus horizon at any known locality. It includes:

Protospongia fenestrata. Dicellocephalus Richmondensis.
Lingulepis Mewera. Ptychoparia pernasuta,
Lingulepis minuta. Ptychoparia laticeps.
Lingnla ¥ manticula. Ptychoparia bella.
Iphidea depressa. Ptychoparia Linnarssoni.
Acrotreta gemma. Ptychoparia Oweni.
Kutorgina minutissima. Ptychoparia Haguei.
Hyolithes primordialis. Puychoparia similis.
Agnostus communis. Ptychoparia unisuleata.
Agnostus bidens. Ptychoparia lmviceps.
Agnostus Neon, Chariocephalus tumifrons.
Agnostus seclusus, Ogygia ? problematica.

Dicellocephalus ? nasutus. .

§57. Seven of the species pass up from the top of No. 2 and unite
with five more from No. 3 and pass to the summit of the Upper Cam-
briau or Potsdam horizon in No. 5 of the same section,
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In No. 5 we find:

Lingulepis Mera. Dicellocephalus angustifrons,
Lingulepis minuta. Dicellocephalus Marica.
Lingula ¥ manticula. Dicellocephalus bilobus.
Obolella discoidea. Dicellocephalus Osceola.
Acrotreta gemma. Ptychoparia affinis.
Kutorgina minutissima. Ptychoparia Oweni.
Agnostus communis. Ptychoparia Hagnei.
Agnostus bidens, Ptychoparia granulosa.
Agnostus Neon. " Ptychoparia simunlata.
Agnostus prolongus. Ptychoparia unisulcata.
Agnostus tumidosus. Ptychoparia breviceps.
Agunostus tumifrons. Arethusina Americana.
Dicellocephalus ¢ nasutus. Ptychaspis minuta.

Three of these species, Iyolithes primordialis, Dicellocephalus Osceola,
and Ptychaspis minuta, ave identical with forms (rom the Potsdam sand-
stone of Wisconsin.

§ 58. The above section and detaiis are given to show the relation
of the Georgia, or Olenellus, to the Potsdam horizon. The scction of
7,700 feet of strata is continuous and entirely visible thronghout its ex-
tent, as it forms the summit and castern slope of Prospeet Peak and
crosses the Hamburg ridge.  Hammer in hand [ exawmined it, and col-
lected fossils at all places where they could be found. The Olenellns
horizon is separated by 3,000 feet of limestone from a fauna that can
be correlated with the Potsdam fauna of New York and the Missis-
sippi Valley, and 1,600 feet of caleareous shale intervene before a
typical Potsdam fauna is reached at the swnmit of No. 3. This seetion
is typical, as it fixes the horizon of the Georgia fauna below that of the
Potsdam, without the shadow of suspicion thrown on it, which thero is
on the Georgia section, as the lTatter may be defective through faulting
in the shaly argillites above the Olenellus horizon, :

§ 59. A section taken in the Highland Range, 125 miles south of the
Bureka section, gives a greater variation of sedimentation in the lower
portion and less in the upper, and we find that thé variation was more
favorable to the development and preservation of the fauna, as is shown
by the Highland Range section, having an abundant and more varied
fauna in the lJower 1,500 teet above the quartzite, while in the Bureka
section the upper or Potsdam fauna is much larger than in the High-
land section.

The section was measured on the west side, half way between Ben-
nett’s Spring and Stampede Gap. The base of the section begins at
the Quaternary, on the western slope, and the summit forms the high-
est point of the range.

1. Dark reddish-brown quartzite, ovenly bedded, and ripple-marked in some
QT O 350

Feot.
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TFossils: Olencllus Gilberti. Teet,

3. Buft argillaceous and arenaceous shales, more or less solid near the base and
laminated in the upperportions. ..o oo ci el 80

Yosxils: Annelid trails and fragments of Olencllus in the lower part,
Higher up, the heads of Olenellus Gilbertiand 0. Iddingst occur in abundance,

4. Light-colored gray limestohe and bluish-black limestone......oocooooao.. . 16
5. Sandy, bufl-colored shale . ceoee i i i eiice seaaceccn s s 40
Fossils: Annelid trails, Cruziana sp.?
6. Dark bluish-black limestone cooeviomenaaas. R R CT TR P TP P P 46
7. Finely laminated bufl’ argillaceons shale oo oonon o iiiecicae e, ()
fossils: Iyolithes Billingsi and Piychoparia Piochensis.
8, Gray to bluish-black compact limestone. ..o immeceanrcaenacercanan. 13
9, Butf arenaceons shales. oo ciie it i cennvnne resamsacaann P G4
10. Compaet eherty Hmestone. .. i iiiiie reee teeesececcsanemcsnccmesncenna 50
11. Compact shaly sandstone in massive layers...... e e e e i e 40
2. Hard silicions gray limestone, almost quartz at base.oo. v veeccnmecaaaan.. 12
3. Yellow to builsandy shale caeeen civeieieeencceannn AR R R R 70
14, Bluish-black limestone oo ooooiooois. A RS SR R S 16
15, Yellow to bufii sandy shales ..o o... R A A S P 40
15. Bluish-black, hawrd, eompact limestone.... ..o oae. i i 12
Fragments of fossils,
17. Shaly sandstone in massive Iy ersS .. oo oo or o oo i i cii i ieiaeeaeaa 52
12, Gray arendienalTMEREONE ivw s vas snvasmmmemoninnesse e smes ae gwun oem e 2
10, (o) Bufl, sandy shale oo iiieieaeecaaaane e 40
(1) Gray arenzieeons HmMestone ... coie i iiiicomececncaaccmen ceeras 30
{e) Sandy, enlenreons shale. oo iaa e 3
—_ 73
20, (a) Massive-hedded, hinish-gray limestone _....._.. e veeeeneaee 200
Fracments of fossils,
(0) Compact gray silicious limestone, almost quartzite in some
places .o, .. e e e eme s amanaees aenn e e e 400
(¢) Blnish-black, evenly bedded IHinestone ... ... R~ 6
— 606

Strike N, 300 W, dip 102 E.
Bufl'to pinkish argilinccons shale, with fossils, and a few interbedded layers
of limestone from 3 to 16 inches thick.ooooe ool iooiiiaraans i 125
TFossils: Locystites?? longidactylus, Lingulelle Ella, Kutorgina pannula,
Hyolitkes Lillingsi, Pluchoparia Piochensis, Qlenoides typicalis, Bathy-
wuriseos Howelli, and B, produclo.
22. Massive-bedded, silicious limestone; weathering rough and broken into
areat belts, 200 to 300 feet thick, by hands of eolor in light-gray, dark-
lead to bluish-black; on some of the ¢lifl faces the weathered surface is
e S i e T R T R e e e AL gl L omousine 1,570
23. Bluish-black limestone in massive strata, that reak up into shaly layers
on exposnre to the weather. The latter feature is less distinet 850 feet
up, and the limestone hecomes more silicious, with oceasional shaly beds. 1,430
Fossils: Near the summit specimens were found that are referred to
Ptychoparia winor.

the a fauna oceurs in 23, as found one mile farther south on the line
of the section.

21

Summary of section. Feet.

1, QUATEZIEO vvmmee veeeee ceeeeeaecnn ceenananann e e s eeee 300
2. Limestone and shales (arrrlll'u.cous and arenaceous) ...... tesemacanmaen .- .. 1,450
3. Massive limestones ..cooe cocaeeoeen.. P St Nk mm .-- 3,000
Et o

Tt uwsasssonunnvamas wnawse A S A cissess seassveaaneses B
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§ G0, The Eureka Cambrian section gives 750 feet more strata be-
tween the quartzite at the base and the base of the Lower Silurian
(Or(lovicia-n) above; a variation not unexpected, as both the latter and
the Devonian strata decrease in thickness between the Eureka and the
Southern Nevada sections.

§ 61. The shales above the lower quartzite carry two species in the
Highland Range that occur at the same horizon in the Bureka district,
viz, Olenellus Gilberti and O. Iddingst.

§ 62. The great thickness of strata between the shales carrying Ole-
nellus and division 21 of the scction contains more or less remains of
trilobites, mostly fragments of the genus Ptychoparia.

§ 63. On the east side of the anticlinal arch at Pioche, 20 miles east
of the Highland scction, the strata resting ou the quartzite (2, 3 and
4 of section) contain the following species, four of which are found in
the two localities: '

Eocystites?? longidactylus. Hyolithes Billingsi.
Lingulella Ella. Olenellus Gilberti.
Kutorgina pannula. Olenoides levis,
Acrothele subsidua. Crepicephalus Augusta.
Acrotreta gemma. Crepicephalus Liliana.

Orthis Highlandensis.

§64. The second strongly marked faunal horizon (21 of the section), or
the Olenoides fauna, is better shown in the Ely Mountains, just east
of the Highland Range, owing to mining operations which have cut into
and thrown out large masses of the shales. The siume species oecur at
cach locality. The list is given in the section.

§ 65. The fauna of the great limestone belt, above 21, is so obseured by
the character of the matrix that only a few specimens were found on
the line of the section.  One of the species is a small Ptychoparia with
an oceipital spine; and, from the head, it is identified with Ptychoparic
minor of the Wisconsin Potsdam fauna. 1Two other species of Ptycho-
paria occur that are not yet specifically identified. A mile south, on
the strike of the strata, an anticlinal, accompanied by a fault, has thrown
the limestone down so that a partial section is given; and here a strongly
marked Upper Potsdam fauna occurs.

§ 66. The following species are identified:

Bellerophon antiquatns. Dicellocephalus ap. 1
Pleurotomaria, 3 undt. sp. Ptychoparia (Euloma ?) dissimilis.
Hyolithes, 3 n. sp. Ptychoparia sp. 1
Dicellocophalus Popinensis. Arcthusina Americana.
Dicellocephalus (typo of D.Minno- Ilznurus sp.?

sotensis).

Of this fauna two species are identical with those from the higher
Potsdam fauna at En reka, viz: Ptychoparia (. ?) dissimilis and Arethu-
sina Americana ; and Bellerophon antiquatus and Dicellocephalus Pepin-
ensis oceur in the upper Potsdam sandstone of Wisconsin. The pres-
ence of the Pleurotomaria-like shells and the species just mentioned
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correlates the fauna with that of the uppol horizon. of the Potsdam
fuunas of Wisconsin and Nevada.

§ 67. At the south end of the Timpahute Range, in Southern Nevada,
Mr. G. K. Gilbert collected Olenellus Gilberti and 0. Iddingsi from fillets
of limestone in a yellow argillaceous shale occurring above a massive
quartzite, the equivalent of 1 of the Highland Range section.

§68. In comparing the Highland Range section with the Eureka sec.
tion, we find that the stratigraphic and faunal succession, up to the
base of the Trenton limestone horizon of the Eureka section, is much
alike in each. The Iighland Range section was not measured in de-
tail above 23 of the section, but, continuing north along the crest of
the range and crossing Stampede Gap, the higher strata, above 23,
begin to appear dipping to the southeast, the dip increasing towards the
north, and higher beds coming in until at the low pass just north of
Bristol the white quartzite just below the Trenton horizon appears.
An estimate, made while riding along the eastern base of the range,
gave 2,500 feet as the thickness above the highest beds of the section
and the quartzite. I think this Is less than the actual thickness.
Adding 2,500 feet to the 4,800 feet of the measured section, we have
7,300 feet of limestone between the Cambrian and Silurian quartzites,
or the Prospect Mountain and Eureka quartzites of the Eureka section.

§69. At Pioche, on the Ely Mountains, just east of the line of the sec-
tion, the Jower quartzite (1) gives 1,200 feet. Adding 850 feet to divis-
ion 1 of the Highland section, we have over 5,500 feet for the Cambrian
and 2,500 feet for the Silurian. The hiatus between the two is prob-
ably considerable, as at White Pine, 100 miles north, the Lower Silurian
(Ordivician) limestone, below the quartzite, is over 5,000 feet thick.

§70. On the west side of the ITighland Range, west of the highest
point, the upper (Iureka) quartzite is shown in a hill north of the road
leading from Bennet’s Springs to Hiko. Fossils are very abundant.
No strata overlying the upper quartzite were observed in the Highland
Range between Bennet’s Springs and two miles north of Bristol; but
in the Pahranagat Range, both Trenton and Silurian (Niagara)fossils
occur within 500 feet above the quartzite.

§71. West of the Highland Range, at Silver Peak, Nevada (long.
1170, 20’ 'W., lat. 380 N.), Mr. J. E. Clayton collected a few fossils to
which Prof. J. D. Whitney called the attention of the California Acad-
emy of Sciences, in 1866, referring to them as probably Upper Silurian
or Devonian (Proc. Cal. Acad. Sci., vol. iii, p. 270, 1866). :

§72. Mr. I, B. Meek subsequently studied the fossils, referring to
them as Silurian, and describing Etamophyllum Whitneyi and E. gracile

(Amer. Jour. Sci., 2d ser., vol. xlv, p. 62, 1868) as corals, and then, in the
same year, referring (ibid., vol. xlvi, p. 144) them to the genus Archee-
ocyathus of Billings. No other species were mentioned by Mr. Meek.

§ 73. The original collection from Silver Peak, or a portion of it, was
found in the Smithsonian Institution coilectlons, and proved to be-
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INTRODUCTORY OBSERVATIONS,

Fortieth Parallel. Seale, about 10,000 feet to the ineh.

Fi16. 4.—Wasatch section.  This crosses tho Wasatch Mountains a little south of Big Cottonwood Cajion. Copied from map of sections accompanyinz vol. i, Geol. Expl.

The Cambrian strata are represented as resting unconformably on the granite and as overlaid by the conformable Lower Silurian (Ordovician) strata. The pesition of
the Middle Cambrian fauna is indicated just below the Silurian horizon. CA, Cambrian; S, Silurian; OD, Devonian; LC, Lower Carboniferous; TC, Tpper Carboniferous;

G, Granite. .

Further study in the ficld will probably result in a somewhat different representation of this section, as it was originally hased on rapid reconnaissance work by the geol-
ogista of the Fortieth Parallcl Survey. The relations between the granite and the overlying strata are not as understood by myself, but are given as in the orizinal section.

’
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long to the Middle Cambrian fauna which is so extensively developeq
in Central Nevada. We have no description of the section, but the
fossils are from a limestone and silico-argillaceous shale, and identical
with species found elsewhere. The most noteworthy occurrence is thag
of Archewocyathus Atlanticus and a large brachiopod like Kutorgina cin-
gulata, both of which occur over 3,000 miles to the east-northeast on the
Labrador coast. The abundant and peculiar type of sponge Ethmophyl-
lum profundum, of the I’Anse au Loup locality, is represented by the
nearly identical species K. Whitneyi at Silver Peak, and the trilobite
Olencllus Gilberti is scarcely distinguishable from O. Thompsoni as it
oceurs at I’Anse au Loup.
The species now known from Silver Peak are:

Archaocyathus Atlanticus, Kutorgina (like K. cingulata).
Archwocyathus undt. sp. Hyolithes princeps.
Ethmophyllum Whitneyi. Olenellus Gilberti.

Strephochetus ? sp., 2,
UTAH.

§ 74. The writer visited Big Cottonwood Cafion, in the Wasatch
Mountains, during the summer of 1885, and examined the great Cam-
brian section described by the geologists of the Tfortieth Parallel Sur-
vey (Geol. Expl. Fortieth Iar., vol. i, p. 229; vol. ii, p. 366) more in
detail than they had the opportunity of doing. The section was meas-
ured from the base near the mouth of Big Cottonwood Calion, up the
caflon to its summit about one mile below Argenta. Owing to the
irregularity of the line of outecrop, the thickness of some of the difterent
divisions of the sections was obtained by careful measurement and that
of the others by estimates based on partial measurements.

Wasaleh or Big Cottonwood scction.

. ) Feot.
1. ‘Black areniGtona shale cucccrs s sunt somie sou s sy ssss s s svem sass 900
(Mud markings and cracks, and ripple marks.)
2. Massive-bedded, light-gray quartzite. oo .oce oot iin e iaienanes cans 1,000
3. Purplish, thin-bedded sandstone, with bands of greenish-yellow, argillaccous
shale near the SUMMEt. .o oe e e ieie iieaee s cecevmn coe camaan o ane 700

4. Light-gray quartzite and quartzitic sandstonc in layers varying from 10 feet
down to 2 inches, the thin layers occurring as partings hetween the more
massive bands of layers, In some places the quartzitic sandstone shows
grains, and in others they are lost.  Stains of purple, iron-rust, reddish-
brown, and buff color occur, with bands of purplish arcnaccous shale

HEAT BIE DRRE < v srvnmonen: srsstrie s s o s A S e S S 700
5. Hard, black, arenaccousshale, with specks of mica on the surfaces. Quartz-
ite and shale intercalated ncarthe base.. ... ccveer oceervevneannneaan 1,000

6. Light-gray quartzite and quartzitic sandstone in layers.varying from 10
feet down to 2 inches, the thin layers occurring as partings botween the
more massive bands of layers. In some places the quartzitic sandstone
shows grains, and in others they are lost. Stains of purple, iron-rust,
reddish-brown, and buff color 06Cur . meverneeererenreevavesvnenennes 200
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7. Arenaceous and argillaccous slates, black, bluish-black, drab, snd yel- Tow:

low'ish-grean. This cxposure is extensive, the opportunity for finding

fossils excellent, and the slates afford a beantiful matrix for their pres-

ervation, but none were observed ...... ... i iiiiiiier ceenana. TO0
8. Light-gray quartzite and quartzitic sandstone in layers varying from 10

feet to 2 inches, the thin layers oceurring as partings between the more

massive bands of layers. In some places the quartzitic sandstone shows

grains, and in others they are lost. Stains of purple, iron-rust, reddish-

brown, and bufl color 0eeur ... . ool i cieee aaeaa. 2,700

9. Black, sandy, arenaceous, slightly micaccous shales c..... oo L. e -
10. Gray, compact, quartzitic sandstone. .... ......o.oiiiiiiiiiiiiiiiaa. 700
11. Purplish and reddish-brown quartzitic sandstone. ...... ... e .. :,
12. Gray, compact, quartzitic sandstone. ... et trieciii i e e 3,000
13. Hard, silico-argillaceous shales, a little sandy in places. ...... ... .oooooo. 250

Fossils: Cruziana sp. I, Lingulella Ella, Kutorgina pannula, IHyolithes Bil-
lingsi, Leperditia Argenta, Olenellus Gilberti, Ptychoparia quadrans, and
Bathyuriscus producta.

LAY o mmmr o mim s D25 i e A B S L SRS T 2, 000

§ 75. A band of mixed sandy and calearcous rocks rests conformably
on 13 of the section, and carries a fauna which refers it to the Lower
Silurian (Ordovician).

§76. The fannal horizon of the fauna contained in the shales of 13 is
at onee located by a comparison with the faunas of the Highland Range
section. Tive out of the cight species are identical, and their strati-
graphic position in relation to the great underlying quartzite is the same
in both sections; Olencllus comes first, and then Lingulella Ella, Buthy-
uriscus producta, &c.

§77. The 250 feet of sediment of 13 of the section represent the en-
tire 1,000 feet of Cambrian strata above the quartzite of the Highland
Range section that I have included in the Georgia horizon; and the 2,000
to 3,000 feet of the Upper Cambrian of the Bureka and Highland Range
sections have no equivalent in the Ciunbrian scction of the Wasateh
Mountains. The same condition appears in the Oquirrh Range, next
west of the Wasatceh, and, from the conformity of the overlying Silu-
rian strata, it appears that during the later Cambrian times there
was an area of non-deposition, and as far as known a period of slight
or total non-erosion of the Cambrian. The latter statement is largely
qualified by the small amount of detailed information we liave on the
line of contact between the Cambrian and Silurian. That there is o
great unconformity, by absence of strata, there is no doubt.  Une of
the most important results of the study of the shales of 13 of the see-
tion is the locating of a horizon by which we can compare the section.
At Bureka, IHighland Range, and Timpahute Range, Ne rada, the quartz-
ite of 12 terminated the section below, but now we have 11,750 feet of
strata in a conformable series that extend down to the granite (prob-
ably Arclean).

§78. The section in the Oquirrh Range, above Ophir City, shows &
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quartzite with shales above it carrying Lingulelle Ella, Olenellus @y,
bertl, and Bathyuriseus producta, and at Antelope Spring, in the Houg,
Range, Western Utah, Mr. G. K. Gilbert measured the following Section
(Geog. and Geol. Expl. and Surv. West 100th Merid., vol. iii, p. 167)
from the top downward: :

Fect,
1. Gray, massive limestone «ov oo oo oo e e i i cmeieciee e 200
2. Blue-gray, calearcous shal® eee oo inn et it 9
Fossils (as corrected by C. D.W.): Acrothele subsidua, Agnostus inter-
strictus, Olenoides Nevadensis, Plychoparia Kingi, P. Ilousensis, and
Asaphiscus Theeleri.
3. Gray limestone, light and dark, chiefly massive . veewccvvvacmvianaaaaa.. 900
4. Vitreous sandstone, umber-brown on weathered face; base notiseen........ 1, 000
Totalccuoeneessorcncvmmronnccn tonconcaacatonsascacnsoacnatonenesannes 2,300

§ 79. No.4 of this section may be correlated with No. 1 of the Eurcka
and Highland sections or No. 12 of the Wasatch section ; and the fos.
sil-bearing shale No. 2 is the stratigraphic, lithologie, and paleontologic
equivalent of No. 13 of the Highland Range section; and although there
is but one species in common, Acrothele subsidua, the general facies of
the fauna is comparable to that of the fauna of division 13 of the High.
land Range section.

CORRELATION OF SECTIONS.

§ 80. The foregoing sections show that the Middle Cambrian fauna has
a distinct stratigraphic position in the Cambrian System and that it is
widely distributed over the North American continent., When study-
ing the faunas we found that of the Vermont section to be similar to
that of the Bic Harbor and I’Anse au Loup first determined by Mr.
Billings; and that the Bic Harbor and the Troy fauna were united by
twelve species common to each locality, first determined by Mr. S. W.
Ford and Mr. Billings. With the Nevada area there is a greater differ-
ence; but the presence of a pre-Potsdam fauna, characterized by the
genera Olenellus, Olenoides, and Protypus—all of which are found in the
typical Georgia section—serves to unite them.

§ 81. Throughout the Mississippi Valley, including the areas of Up-
per Cambrian in Llano County, Texas, and in Wisconsin, nothing is
known of the Georgia fauna; but to the northwest, on the eastern slope
of the Rocky Mountains, Dr. George M. Dawsou discovered a species of
Olenellus like 0. Gilberti, also Protypus sencctus, thus showing the ex-
tension of the fauna north from Southern to Central Nevada, and north-
east to Kicking Horse Lake in British Columbia. _

§ 82. In the accompanying table an attempt is made to correlate the
principal sections herein mentioned. The Georgia or Olenellus fauna of
the Middle Cambrian and the Potsdam or Dicellocephalus fauna of the
Upper Cambrian are taken as the two horizons to locate the local sec-
tions on the line of the great section, as their relations are known in
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the unbroken stratigraphic sections of the Eurcka District and the
Highland Range.

§ 83. The first section, that of Big Cottonwood Cafion in the Wasatch
Mountains, is represented as resting on pre-Cambrian rocks, and ex-
tending up to the Middle Cambrian horizon. The Lower Silurian (Or-
dovician) strata rest directly on the top of this section in nature: but
we leave the hiatus between the Middle and Upper Cambrian horizons
to show the unconformity, by non-deposition, in this section, as com-
pared with the Eureka section, where the hiatus of the Big Cotton-
wood section is filled in by several thousand feet of limestone strata
containing the fauna that, to a great extent, bridges over the break in
the fauna between the top of the Big Cottonwood Cambrian and the
Silarian strata.

§ 84¢. The Eurcka section (2) is correlated at its baso with section (1)
by the stratigraphy and contained fauna. A dark massive quartzite,
overlaid by shales, occurg in cach; and this horizon is traced across
the intervening country between the two sections by its ocemrrence in
the Oquirrh, Tintic, and House Ranges, and also south of Hureka in the
Highland Range. Itisonly in the Wasatchsection that the great quartz-
itic series is traced down towards its base, the uplifts of Nevada not hav-
ing brought it up, except, possibly, at one point—Whites Peak, in the
Schell Creek Range of Eastern Nevada —where Mv. (i, KX, Gilbert meas-
ured asection 11,5380 feet thick, thatis very muchlike that of the Wasateh.
Unfortunately no fossils were found (Geog. and Geol, Expl. and Sury.,
West 100th Mevid., vol. iii, pp. 167, 171). The Eureka section extends
up from the Olenellus horizon 6,200 {eet to where the upper limit of the
Cambrianis drawn. In the tabie it is represented on the same seale in
its extension up to the Trenton horizon of the Lower Silurian (Ordo-
vician).

§ 85. The IHighland Range section is essentially a reduplication of
the Eureka section, and, like it, joins on the Wasateh section in the
same manner at the base. It is not vepresented in the table,

§86. The Grand Caiion Cambrian and pre-Cambrian strata (see fig. 5)
have been roughly deseribed by the writer (Amer, Jour. Sei., vol. xxvi, p.
433, 1883). At the top it consists of 1,000 feet of strata carrying astrong
and characteristic Upper Cambrian or Potsdam fauna. Then a great un-
conformity occurs by, the erosion of an entirve cross-section of the 13,000
feet of strata Lelow that rest unconformably on the underlying highly
inclined strata, which, where the section terminated, belong to a system of
strata between the Grand Caiion Series and the Archean. In the table
the period of erosion is represented as having removed all the strata
between the Upper Cambrian and the Lower Cambrian horizon, but I
now think it would have been better to classify all the pre-Tonto strata
as pre-Cambrian. -

§ 87. This to a certain extent is hypothetical, but we know from the
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116 5.— Grand Cafion section. The section represented by this fizure crosses the pre-Tonto strata nearly at right angles to their strike as exposed in the Grand Caiion of
the Colorado, Arizona, and studied by the writer. Horizontal scale, 12,500 feet to tho inch.  Vertical sealo about 8,500 feet to the inch.

The Upper Cambrian (Tonto formation) has been removed by crasion on the divectline of the section, but is present, as indieated by the dotted lines around the margins
of all the cafions that cut iton the line of the section. )

GC, Grand Cafion formation (the lava flows also belong to this); T, Tonto formation;
this comes the Aubry Carboniferous limestone, which forms the outer wall of the eafion).

I, Red Wall Carboniferous limestone; A, Aubry Carboniferous sandstoue (above
All the strata beneath th: Tonte Formation are considered as pre-Cambrian.
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physical conditions of l;l{e unconformity that a great period of erosion
cxisted whose duration might readily have permitted of the deposition of
the great series of strata that occur below the Upper Cambrian, over
the area of Utah and Nevada. I now think that in the Grand Caiion
section the Middle Cambrian and the Lower Cambrian were periods
of erosion, and not represented in the section, and that the 4,000 or
5,000 feet of limestone of the Eureka and Highland sections and the
detrital sediments of the Wasatch section are the deposits accumu-
lated in the sea of the Great Basin area when the area of the Grand
Caiion was a land surface. The latter was of considerable extent, as
essentially the same section as that of the Grand Caiion of the Col-
orado occurs in Llano County, Central Texas, and in Minnesota and
Wisconsin.

§ 88. The strata of the older series of the Grand Cafion section are
in a remarkable condition of preservation, considering their geologic
age. In the Chuar formation, or the upper 6,000 feet, limestones and
argillaceous shales alternate, that lithologically resemble the Trenton

- limestone and Utica shales of the New York section.  The party-colored
shales of the lower 700 feet recall the friable clays of the Permian. In
fact, there is no evidence of the great age of these stratain their physical
aspect, as they might be taken quite as readily for the friable and un-
changed strata of the Trias and Cretaceous series of Southern Utah.
The lower 6,000 feet are sandstone, with interbedded lava flows toward
the upper portion. Ripple marks and mud eracks abound in many of
the layers, but not a trace of a fossil or the trail of a mollusk or annelid
was seen. .

§ 89. Midway of the lower portion of the shales and limestones of the
overlying Chuar strata the presence of a fauna is shown by a minute Dis-
cinoid or Patelloid shell, a small Lingula-like shell,a speciesof Hyolithes,
and a fragment of what appears to have been the pleural lobe of the seg-
ment of a trilobite belonging to & genus allied to the genera Olencellus,
Olenoides, or Paradoxides. There is also an obscure Stromatopora-like
form that may or may not be organic. The fauna, as given above, is very
unsatisfactory, but it shows the presence of a fauna that is Cambrian
in character, as far as we know, although it may be a trace of a fauna
preceding that of the Lower Cambrian of the Atlantic border; and as
the stratigraphic evidence favors this view I do not think we can con-
sider it of Cambrian age.

§ 90. The fourth section of the table is that of Georgia, Vt. While
the Potsdam horizon is probably present, it is not certainly known in the
Section. The section is represented on the same proportional scale as
Nos. 1, 2, and 3, although we fully appreciate the fact that a much thin-
ner series of strata in one locality may represent the same relative
period of deposition in another area where the accumulation of sedi-
lnent was very much greater. When we attempt in the future to corre-
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Tablo showing the correlations of typical Cambrian Sections with
reference to the Potsdam and Georgia faunas of the Cambrian,
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Jate the various sections auc.1 fauna_s. of the entire Cambrian System of
North America, all tbfe sections will be. drawn on a plan, so that the
divisions of each section will sho‘w t_heu- relations to each other as far
as pmcticable. The 'V:ermont afectlon 13‘ placed on the Middle Cambrian
Jine by the evidence given by its contained fauna.

§ 9L Section 5 shows the Upper Cambrian horizon and the Lower Silu-
sian section up to the top of the E[jrenton limestone as developed in New
york State. The Middle Cambrian is unknown to me in New York ex-
copt east of the Hudson River, although it may occur in the southeastern
portions of the State. The Troy and other sections of the Middle
Cambrian on a line south of the Georgin section are included under
section 4 of the table; also, that of the Straits of Belle Isle.

§ 92. The object of the table being to show the stratigraphic rela.
tions of the three divisions of the Cambrian fauna, many details are
omitted that may be expected when a review of the Upper Cambrian or
Potsdam fauna is completed.

TABLE OF THE MIDDLE CAMBRIAN FAUNA,

§ 93. In the following table the extent and character of the fauna are
shown and also its geographic distribution.

Under the head of Highland Range we include the fauna at Pioche, in
the Bly Range, and the species from the Timpahute Range and Silver
Peak, Nevada, as they are all from the same geologic horizon and geo-
graphic area. '

Table of distribution of Middle Cambrian fauna.
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Table of distribution of Middle Cambrian Jauna— Continued,

[BUI.L, .
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PECILOPOD A — Continued.
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SUMMARY OF FAUXA.
§94. The total fauna, as known to me, includes 43 genera, 107 spe-
cies, and 2 varieties:
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2 a0 o R e e R R 5 10
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BT T 1 L
Brachiopoda ... e e e e e nn S T 9 2
Lamellibranchiata ..... S S S R SRR e 1 1
GASLELOPOAN o cs v mwwmnusn vavas sesaanas S RN R R L e S 3 7
Pteropoda (1 variety) ......... R R R R S T e 3 9
CruStacen o v o oe oo e e e oo oo e e A, P) 3
Pacilopoda (1 varicty)..... R R R S L [ R A 14 15
0 TR Y . S S (L

§95. Of the above, 14 species are not deseribed in the text. Five of
these are from Canada and have not yet been naméd or deseribed, viz:
2 species, Orthis; 1 species, Ptychoparia; 1 species, Camarella; and 1
species, Agnostus. The 3 species of Plantwx are left to be studied with
the Upper Cambrian fauna. A fragment of a species of Orthisina or
Orthis occurs at Troy, New York, and also one at Parker’s quarry, Ver-
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mont, that indicate species different from those described. The unde-

seribed species of. Hyolithes is from Troy and will probably be de-

seribed by Mr. TFord. The species of Ptychoparia, from Nevada, is

known ouly by imperfect fragments, and the Nevada species of Archze-

ocyathus is not represented by sections that give anything of the exte-

rior form or surface. The Eocystites, from Vermont, is represented
- only by a few detached plates.

STRATIGRAPIHIC POSITION OF THE FAUNA.

§96. The relations of the Georgia and the Potsdam faunas have been
noticed in speaking of the Nevada sections, where they arve shown to
be stratigraphically separated by 3,000 feet or more of limestone.  But
three species, Protospongia fenestrata, Stenotheca elongata, and Acrotreta
gemma, are known to pass up to the Upper Cambrian or Potsdam hori-
zon. In the Georgia section, Vermont, one of the species, Ptychoparia
Adamsi, appears to pass up into the horizon of the “lentile” (9) of the
section, where the fauna is more like that of the Potsdam; and, of
the other species, Orthisina orientalis is much like 0. Ppina of the
Potsdam sand stone of Wisconsin; but the fauna as & whole is so clearly
distinet from the typical Potsdam of New York, Wisconsin, Tenuessee,
Alabama, Texas, Arizona, Nevada, aud Montana, that, even without
any section to show their relations to each other, I would not think of
correlating them as possible faunas of the same geologic hiorizon.,

§97. The stratigraphic relations of the fauna of the Paradoxides
horizon of St. John, Braintree, and Newfoundhuul are not so clearly
proven as thosoe of the Upper Cambriai fauna. The only locality known
where the two faunas arve in the same geographic area is about Con-
ception Bay, Newfoundland. At Topsail ITead about 160 feet of lime-
stone is exposed, overlaid by a dark shale.  All stratigraphic connection
with other sections in the vicinity is broken. The fossils in the lime-
stone are not numerous, but Mr. Billings pronounced them Potsdam
(Geol. Newfoundland, p. 157; veprint of veport for 1868), and -identi-
fied Salterella and Crania (Kutorgina) Labradorica, and 1 found in the
collections of the Geolagical Survey of Canada Seenella reticulata, Ste-
?h:)ﬂfe(:(b rugosa, Iphidea bella, and Protypus senectus var. parrulus, which
gives six species that are also known from the Middle Cambrian horizoh
of I’Anse au Loup.! Special stress is placed by the writer on the oceur-
rence of these fossils at Topsail 1ead, as it is in the midst of the Par-
“}l(mides basin,  Mr. Alexander Murray correlated the Topsail Head
iune-stone with that of other loealities, and places it beneath the Para-
clloxu]e.s-bearing shales of St. Mary’s Bay (on the page cited above),
1:11:1 :;')li;l:)ut paleontologic or stratigraphic e}'i(lc.nc-e t.hat; authorized
1! Y0 say more than that a supposed connection is indicated.
:li‘\“l:'h}?;ls(i:l;lﬁfs‘.callcd all the Middle Cambrian fauna Lower Potsdam, which ex-

ring the Topsail Head fossils to the Potsdam,

Bull. 30——4 (715)
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§98. Not having stratigraphic evidence of the relation of the Georgj,
or Middle Cambrian fauna and the Paradoxides or Lower Cambyiy,,
fauna, other than that they occur in the same area and are not in tﬁe
same stratum of rock, we turn to the fauna to aid in the settlement of
the question.

Of the 32 genera of the American Paradosides horizon, 15 pass yp
into the Olenellus horizon, viz: Arenicolites, Protospongia, Archaxocy-.
athus?, Bocystites ??, Lingulella, Acrotreta, Acrothele, Kutorgina, Orthi:s,
Stenotheca, Hyolithes,Agnostus, Microdiscus, Solenopleura, and Ptychy.
paria. Of these, Arenicolites, Protospongia, Lingulella, Kutorgina,
Acrotreta, Orthis, Hyolithes, Stenotheca, Agnostus, Microdiscus 2, an(
Ptychoparia continueon up into the Potsdam or Upper Cambrian horizon,
leaving but four genera that are common to the Middle and Lower Can.
brian horizons. One genus, Dendrograptus, is doubtfully identified iy
the Paradoxides horizon of New Drunswick, and occurs in the Upper
Cambrian, but is, as yet, unknown in the Middle Cambrian.  The genus
Agraulos is also found in the Lower and Upper, but not in the Middle
Cambrian. Of species, not one of the 64 of the American Lower Cam-
brian fauna are known to occur in the Middle Cambrian fauna, which,
with its 107 species, stands out clearly from the older fauna and also
from the more recent Potsdam fauna, as but 3 of its species, Lroto-
spongia fenestrata, Stenotheca clongata, and Acrotreta gemma, are known
to be common to them; and 16 of the genera in the Middle Cambrian
are not known to pass up into the Potsdam or into the Lower Silurian
(Ordovician) fauna. Not one species is known to be common to the
Lower and Upper Cambrian horizons.

GENERAL PALEONTOLOGIC CHARACTERS OI' TIIE FAUNA.
PLANT. .

§99. Owing to the obscure character of the two species of Paleophy-
cus, it is difficult to say that they were not formned by filling in of worm
borings or the trails of some annelid or mollusk. Cruziana I now be-
lieve to have been a fucoid, and hope soon to present the reasons for the
belief, as a beautiful series of specimens was obtained from the Upper
Cambrian strata of the section in the Grand Cafion of the Colorado,

Arizona.
SPONGILA.

§ 100. The sponges of the Middle Cambrian bid fair to form one of
the important elements of the fauna, as they now include 5 genera and
10 species, and the collecting at Sh\'er Peak, one of the most prolific
localities in Nevada, has been of a superficial character. Ethmophyllum
profundum grows to a large size and is, as described by Prof. Alpheus
Hyatt, the rcef builder of its time. (Science, vol. vi, p. 386, 1885.)
Archewocyathus Atlanticus, another prolific form, has a wide geographic
range, as we find it both in Labrador and Nevada.
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The genus Ethmophyllum is a very interesting‘form, for in it we ob-
serve the septa, vesicular s-t-ructurc, and poriferous system that later,
in Paleozoic time, appear in the various divisions of the Zoantharia
pranch of the Actinozoa (Zaphrentis, Cystiphyllum, Favosites, &e.);
to include Archxocyathus and allied genera, Dr. Bornemann has pro-
posed a new class of the Ceelenterata, which he calls Archaocyathine.

Leptomitus Zitteli is the only representative we have in the Cambrian
ghowing the base or root of the “anchoring sponges.” ’

Protospongia fenestrata ranges nearly through the Cambrian of Wales,
aceording to Dr. Hicks; and in America the genus, it not the species,
js now known from both the Lower Cambrian of New Branswicl and
the upper portions of the Middle Cambrian of Nevada, the great ver-
tical range being accompanied by a correspondingly wide geographic
distribution. Like most of the other Cambrian sponges there is not
cnough known of its structure to acceurately place it in the elassitica-
tion of the Hexactinellidee. The minute structure of Avclivoeyathas and
Ithmophyllum is not well shown in the Cambrian speeimens, owing,
in all probability, to the destruction of the spienle in the replacement
by caleite. In the one silicified species, Ethomophyllum Minganensis,
from the Lower Silurian, the spiculie are preserved, and in cbrekaocya-
thus Billingsi we observe what appear to be spiculic in the cup and in.
terseptal spaces, but not in the walls or septa.

HNYDROZOA.

§ 101. Diplograptus ? simplex is a form allied to the leaf-like grapto-
lites of the Lower Silurian (Phylograptus), but we know too little of
the species to even give it a proper generie reference; the same may
be said of the species referred to Climacograptus 2 Emmonsi. A1l we
can say of them is that they represent the graptolidie at the horizon of
the Middle Cambrian.  Matthew recognizes two genera of graptolites in
the St. John Group, Dendrograptus and Protograptus; the former
being found in the Upper Cambrian (Potsdam) horizon shows that the
type ranges through the Cambrian System.

ECHINODERMATA.

§102. A glance at the figures illustrating Focystites?? longiductylus
shows that we have not yet reached o simple type of the” Cystoiden in
this Cambrian fauna, although, in the irregular size and great number
O_i' the plates, the pore-like openings at their margins, and the long
Shuple arms, a general looseness of organization is indicated that is
Wanting in the compact, regular forms of the superior fauna,

The genus was founded on single plates from the St. John Group;
and somewhat similar.plates occur in the Wisconsin Potsdam sandstone.
Until entire or nearly entire specimens are found from these horizons,
Ve cannot compare the E. 22 longidactylus with what these plates repro-
sent,
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. BRACHIOPODA.

§ 103. Nine genera and 24 species from the Middle Cambrian, and ¢
genera, with 12 species (Matthew), from the Lower Cambrian of Amer]ca
show a total of 10 genera and 36 species for this class, from below the
Upper Cambrian (Potsdam of America, Olenus Zone of Iurope).

§ 104. The family Lingulidz is represented by 1 genus and 2 2 species,
each of which presents the high fissured area of the genus anul(,]h
and also its delicately sculptured surface ; and L. Flla affords a glimpse
of the muscular scars of the interior of the dorsal (?) valve that places
the genus near the genera Obolella and Lingula.

§ 105. The Obolidee has the largest development of the Middle Camn.
brian families of the Brachicpoda, and mcludcs 5 genera and 12 spu,ieb
viz: Kutorgina, 4 species; Iphidea, 1 species; Acrotreta, 1 bpe(;les.
Acrothele, 1 species; Obolella, 5 species.  The genera Obolella and Ky.
torgina represent the Obolidae proper, and the 3 remaining genera the
Siphonotretidze, if we may use the latter as a subfamily. Obolella first
appears as 0. maculata Hicks in the Paradoxides horizon (Lower Cam-
brian) of Wales, and reaches its greatest development in the Middle
Cambrian horizon of America, from which 5 well-defined species have
been recognized. I'rom the Upper Cambrian we at present know of but
2 species that will be retained in the genus.  The characters of the genus
are well shown by the figures on plates ix and x. The genera Acro-
treta, Iphidea, and Acrothele belong to a natural group having a conical
ventral valve perforate at the apex, with more or less of a false area and a
depressed dorsal valve. Awcrothele is considered by its author as most
nearly related to the genera Obolella and Acrotreta, but, from the in-
formation we now have, I would place it nearer to the latter and still
nearer to the genus Schizambon (Monographs United States Geolog-
ical Survey, vol. viii, p. 69).

The genus Kutorgina has a wide geographie distribution and a vertical
range from the Lower Cambrian of Sweden and New Drunswick up
throngh the Middle Cambrian, where it reaches its greatest develop-
inent as now known, into the Upper Cambrian of Nevada and Montana,
on the western side of' the American continent. It is not certain that
the genus may not be divided, as the type K. cingulata is a large calca-
reous shell and the other species are smaller and horny or corneo-calca-
reous. We find traces of the muscular scars on the interior of the
valves of the If. cingulata, but not of the other species.

§ 106. The Strophomenidic has 2 genera and 8 species, 4 of which
are not yet described. The generic reference to Orthisina is doubtful
in most instances, as the condition of the specimens is too imper-
fect to give the characters of the interior of the valves. O. Sestinata
appears to be a true Orthisina, and the others ure considered as pro-
visionally referred to the genus. The 1 species referred to Orthis i
apparently not an Orthisina, but, at the same time, its surface char-
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acters and the interior of the ventral valve tend to remove it from the
typical forms of the genuSOOrthls.

§ 107. The Rhynchonellide appears thus far to be restricted to the
<enus Camarella, which makes its first appearance in the Middle Cam-
fu-ian of Labrador and Vermont. The Vermont species is somewhat
doubtfully referred to the genus, and the Labrador species is yet unde-
ceribed. It isvery much like Triplesia primordialis of the Upper Cam-
prian (Potsdam) horizon of Wisconsin and Texas.

LAMELLIBRANCHIATA.

§ 108. M. Barrande suggests that the little shell Fordilla Troyensis
may be the valves of a crustacean, but, at the same time, calls attention
to its resemblance to shells of the genus Nueula; and Mr. Ford noticed
the resemblance of the single valves to a small Modiolopsis. [ think
that it is a lamellibranchiate shell, but there is an element of uncer-
tainty owning to the obscure character of the muscular impressions.
If a true lamellibranch it is the earliest now known, and the record of
the class is not taken up again until the passage beds between the Cam-
brian and Lower Silurian (Ordovician) are met with. It cannot be that
Euchasma Blumenbachi Billings of the Caleiferous formation (Geol.
Can., Pal. Foss., vol. i, p. 361, fig. 348) is the first of its class, judging
from its size and its relation to the genus Conocardium. Fopteria
typica, B. Richardsoni, and F.? ornata Billings (1bid., pp. 221, 306, 307)
complete the list of the Calciferous species, and, like F. Blumenbachi,
are far in advance of what one would anticipate of the first of the
family to which they are referred (Aviculide).

GASTEROPODA.

§ 109. The type represented by Stenotheca rugosa ranges through-
out the Cambrian, and is found on both sides of the Atlantic basin in
the Lower Cambrian and from Labrador to New York in the Middle
Cambrian. Its representative in the Wisconsin Potsdam sandstone has
not yet been described. Both the genera Stenotheca and Scenella are
Patella-like shells, with unbroken margin and surface and with the
apex turned forward, as far as we now know from the Middle Cam-
brian specics.

Mr. G. F. Matthew eonsiders Stenotheca Acadica as nearer the genus
ljil.l'lll()phnl‘lls of the Fissurellidic than to the Patellidae (Canadian Ree.
Sci., vol. ii, p. 10, 1886).

The minute shell referred to DPlatyceras primevum is, as far as known,
the first representative of the genus Capulus, which, increasing in num-
bers very slowly through the Lower Silurian (Ordovician), reaches a
great development in the Devonian, and, diminishing in the Carbonifer-
ous, comes down to the present with a few widely-distributed species.

All the gasteropodsappear to have been shallow-water forms, although
We now find them preserved in compact limestones.
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PTEROPODA.

§ 110. Three genera and nine species, with numerous specimens, giy,
this class a prominent position in most localities of the Middle Gambrian
strata, although in several instances but few specimens are met, With.
This is noticeable at Georgia, Vermont, and in the Highland Range of
Nevada. Specimens occur abundantly in the silico-argillaceous shajgg
of the Wasatch Cambrian, in the clear limestone of the Ely Mountaiyg
of Nevada, in the conglomerate limestones of Troy and Bic Harbor, ang
in the silicious magnesian limestones (“Red Sandrock”) of Vermont,

The extended range of the species Hyolithes Billingst and H. prineeps
from Labrador to Nevadais in accord with the free habits of the young,
if not of the older, individuals., The presence of transverse diaphragms
in the tubes of I7. communis and IL. impar allies the species to the types,
in the St. John series, that have been so well deseribed by Matthew
under the genera Diplotheca and Camarotheca. A noticeable feature
of the presence of the diaphragms is their almost total absence in the
species of the Upper Cambrian, Silurian, and Devonian.

The slender tube of IIyolithellus recalls the Dentalidee ; and its opere.
ulum, which is one of the prettiest fossils of the Troy Cambrian rocks,
might belong to a shell allied to Dentalium and also to Hyolithes.

Although it is stated, under the description of the genus Salterella,
that I agree with M. Barrande that the relations of the genus are with
Tentaculites and Iyolithes, there is an element of doubt so strong that,
until more evidence is brought forward, the genus is left in a doubtful
position in relation to its affinities to other genera of the Pteropoda.

CHRUSTACEA.

§ 111, The strongly-marked Leperditia Troyensis is not unexpected at
this horizon, as the genus is present in the Lower Cambrian of Wales.
In I.. Argenta one of the largest species of the genus is found, if the
shell referred to Leperditia traly belongs to it and is not one side of
the carapace of a phyllopod crustacean allied to Hymenocaris or Proto-
caris. The latter is possible, but, from a eareful study of the speciinen,
does not appear probable.  Protocaris Marshi is one of the earliest, if
not the earliest, phyllopod e¢rustacean now known, and is closely allied to
the Upper Cambrian Hymenocaris vermicanda.

PECILOPODA,

§112. I prefer to use Pewcilopoda, as the class name includes the
Trilobita, for reasons given in 1881 (Bull. Mus. Comp. Zoology, vol.
viii, pp. 208-211). The class is represented by the Trilobita in the
Cambrian, with the exception of the limuloid-like Aglaspis of the Wis-
consin Potsdam sandstone. The Rurypterida presents its earliest form,
as at present known, in Echinognailus Clivelandi of the Middle Lower
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gilurian (Ordovician) of New York (Amer. Jour. Sci., 3d ser., vol. xxiii,
p- 213, 1882). . . .

§113. The Trilobita, -thh 14 genera and 45 species, so far outranks all
the other orders that without the latter the stratigraphie position of the
Middle Cambrian could be readily determined, although the Spongize,
Brachiopoda, and Pteropoda present a facies distinct from that of the
same classes in the Lower and Upper Cambrian.

§114. The Agnostide is represented in the Lower Cambrian of Amer-
jen Ly 2 genera and 10 species: Agnostus, 8 species; Microdiscus, 2
species. In the Middle Cambrian, by Agnostus, 3 species, and Micro-
discus, 4 species. Several species of Agnostus occur in the Upper
Cambrian, 10 or more; and Microdiscus is represented by the curious
Pemphigaspis bullata of the Wisconsin Potsdam sandstone (Sixteenth
Rep. N. Y. State Cab. Nat. Hist., p. 221, pl. 54, figs. 3, 4, and 5, 1863).

Agnostus interstrictus belongs to the widely-distributed A. pisiformis
type, of which A.Acadicus is the representative in the St.John series of|
New Brunswick, and A. Josepha in the Wisconsin Potsdam sandstone.
A1 nobilis is not unlike A. parilis of the Wisconsin Potsdam sandstone.
(Sixteenth Rep. N. Y. State Cab. Nat. Hist., p. 179, pl. x, figs. 24 and
25, 1863).

In Microdiscus thereis a slight advance on the typical form of Agnos-
tus with two segments, and I think the genus should be included in
the family Agnostida. The + species of Microdiscus have a somewhat
similar appesrance, and differ from the Lower Cambrian (St. John)
species M. Dawsoni and M. pulchellus (=M. punctatus, U. S. Geol. Sur-
vey, Bull. No. 10, p. 24, pl. ii, figs. 1, la—c), the former having a highly
ornamented surface and the latter a strong nuchal spine.

§115. The genera of the Olenidie of the Americap Middle Cambrian
fauna known at present are: Mesonacis, 1 species; Olenellus, 4 species;
Olenoides, 8 specics; and Bathynotus, 1 species.  The genus Mesonacis
is the conneeting link between Paradoxides of the Lower Cambrian and
Olenellus of the Middle Cambrian; in the development of Olenellus, the
genetic relation of that genus to Paradoxides is shown more clearly.
Mesonacis is confined to one locality, as far as we now know, and its
value in stratigraphic geology is thus limited.

The two genera Olenellus and Olenoides have a wide geographic range
and occur together in most localities.  Olenellus is more limited in verti-
cal range, having' been found through about 500 feet of strata, while
Olenoides extends up 1,200 feet or more in the Highland Range section
of Nevada, and probably, into the Upper Cambrian horizon. The genus
Olenellus, wherever found in a well-defined section, is characteristic of
a lnf)xviz01| far below that of the typical Upper Cambrian or Potsdam
horizon of North America. Its relations to other genera are discussed
under the remarks on the remarkable species 0. Gilberti.

Olenoides, with its 8 species, is nearly as characteristic of the
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Middle Cambrian faunaas Olenellus. 0. typicalisis a strongly-markeq
type and appears to be one of the forms that carried the Paradoxides
typeup through the Cambrian to the Dicellocephalus type of the Uppey
Cambrian. 0. Marcouiis also allied to Dicellocephalus ; and the genyg
Olenoides, as a whole, is the representative of Dicellocephalus of 1)¢
Upper Cambrian. Bathynotus holopyge is another curious form, re.
stricted, so far as known, to one locality and ho:izon. Its relationg
appear to be with Olenoides and Dicellocephalus.

§ 116. The Conocephalidae family predominates in the trilobitie portion
of the fauna in having 6 genera and 21 species,

Ptychoparia Piochensis, with its 19 thoracic segments, adds to the
genus Ptychoparia a greater range in the number of segments of the
thorax, 14-15 being changed to 14-19. The other species of the genus
are essentially of the same general type as the typical forms.

Crepicephalus is hardly of generic value, although so used in this

- paper. The study of the Upper Cambrian species will assist in the
determination of its generic position.

Oryctocephalus adds another genus to the Conocephalida, and it ap-
pears to be warranted Ly the combination of characters observed in
the head and pygidium. The peculiar glabellar furrows and the strong
spinous pygidium are unlike any other known to me.

The genera Anomocare and Solenopleura are not sufficiently well
represented to demand special notice.

InProtypus there is a combination of charactersrecalling Ptychoparia;
at the same time, the glabella and head point to Angelina and Bathy-
urus. The genus has a wide geographic range and is, as far as we knox,
confined to the Middle Cambrian,

§ 117. There is a group of genera intermediate between the Conoce-
phalide and the Asaphide that, as yet, have not been arranged in any
defined family. They include the genera Bathyurus, Bathyuriscus, and
Asaphiscus, and may be defined as the family Bathyuride, as follows:
Trilobites of an oval form; medium size; capable of rolling up. Head
a little longer than the pygidinmn; glabella distinetly defined, with or
without distinet glabellar furrows; facial sutures terminating posteriorly
within the genal angles and anteriorly on the frontal margin; eyes
medium-size to large, semilanar. Thorax with 7-9 segments; pleur®
furrowed. Pygidinm somewhat smaller than the head, formed of nu-
merous (6, 8+4) closely united segments; border flattened, smooth.
Doublure of head and pygidinm thin and well developed. The general
assemblage of characters places the Bathyuridae close to the Asaphidx,
but I do not think we should include its genera under the typical group
of the latter. :

§ 118. Asaphiscus Wheeleri suggests forms placed under the genus
Asaphus, but the glabella and the direction of the facial snture in front
of the eyes are those of the Conocephalidee, The species and genus is
known from only one locality and horizon. Bathyuriscus Howelli and
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B. producta appear ab th.e same geologic horizon as Asaphiscus Wheeleri,
put not at the same localities. In the presence of well-marked glabellar
{Urrows and the genera}‘ appem:ance of the entire body, Bathyuriscus
s allied to Ogygia. With t-,he fragmentary material of the Upper Cam-
prian still unstudied, we will not attempt comparisons; but from the
resemblance between this group of trilobites and the Asaphida of the
Tower Silurian (Ordovician) there is probably a group of genera and
species corresponding to them in the Upper Cambrian or Potsdam
horizon.

§ 119. Reviewing the Middle Cambrian fauna as a whole, we find that
it combines the characters of both the Lower Cambrian and the Upper
Cambrian faunas, and yet is distinct from either of them. There does
not appear to be an equivalent fauna in the Cambrian system of Europe,
cither in Bohemia, the Scandinavian area, or in Wales. The nearest
approach to it is on the island of Sardinia. (See close of remarks on
the genus Ethmophyllum, p. 80.)

§ 120. The conditions that developed the Middle Cambrian fauna ap-
pear to have been largely peculiar to the American continent. During
the deposition of the St. John series of the Lower Cambrian or the
Paradoxides strata, we learn {from the IJuropean and the eastern Ameri-
can sections that the fauna was essentially of the same type over the
entire basin (Atlantic), and, from the evidence known to date, that the
fauna did not extend west of a line passing northeast through Eastern
Massachusetts to New Brunswick and Newfoundland. ’

§ 121. That there were deposits of sediments to preserve the fauna, if
it extended westward, is shown by the thousands ot feet ol sediments
below the Middle Cambrian faunas of Utah and Nevada.

§ 122. From tke evidence we now have it appears to me that daring the
existence of the greater portion of the Lower Cambrian (Paradoxides)
fauna a barrier existed. that prevented its extension westward of the line
mentioned (§ 120); that towards the close of the time of the Paradoxides
fauna the barrier was removed to the northeast, and its descendants
entered the westward seas and spread over the entire interior basin and
formed the middle Cambrian fauna. In the Atlantic basin the Para-
doxides fauna persisted to a greater or less extent, and mingled with
the types of the Upper Cambrian fauna, as in the Upper Lingula Flags
of Wales.

§ 123. If the strata of the Grand Cafion, Llano, and Keweenaw groups
re of pre-Cambrian age or older than the strata carrying the Paradox-
ides fauna on the eastern side of the continent, and also older than the
Strata of the lower portion of the Wasatch section, another explanation
's offered for the absence of the Paradoxides fauna in the central and
esteru portions of the continent. During the period of erosion of the
Grand Cation, Llano, and Keweenaw Formations, a land surface probably
extended from north of Lake Superior south to Central Texas and
West, on the south, to the Grand Cafion region of Northern Arvizona.
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How much laypger it was we do not know, but the orographic movemey;,
that brought the Grand Caiion, Llano, and Keweenaw Formations above
sea level probably extended all along the central line of the (,ontmu,t
leaving the Atlanticarea and the Great Basin of Utah, Nevada, Anxom
Xe., areas of deposition during the existence of the .Parddoudt,s f.tum
and probably during the existence of the Middle Cambrian fauna, 4
break on the north or south permitting the latter fauna to pass into thc
western basin now covered by a portion of the Rocky Mountain arey,
At the time of the Middle Cambrian fauna the central land area of the
Middle and Lower Cambrian epochs, or the Keweenaw land, was de.
pressed beneath the sea and a series of strata deposited that now con.
tains the Upper Cambrian fauna in all the localities where the strata of
the Keweenaw Jand and of the Upper Cambrian show their relations to
cach other,

It this is a correct interpretation of the evidence now known, we may
look in vain in the interior basin for the Paradoxides fauna of the At.
lantie basin,

§ 124, That there was life in the older Cambrian or possibly in the pre-
Cambrian seas of the interior basin there is no doubt, as we have found
traces of it in the Grand Caiion FFormation of Arizona ; and the develop-
ment of that fauna is one of the problems yet awaiting solution.

§ 125. During the Upper Cambrian (Potsdam of America, Upper
Lingula Flags of Wales) the faunas of the two basins appear to have
had free communication with each other, and we now find them with
a wore similar facies.

§ 126. The above views are more or less theoretical, but the facts de-
mand an explanation other than that the faunas of the Lower, Middle,
and Upper Cambrian were contemporaneous, but in different geographic
areas. That the Upper and Middle faunas were separated by a great
intervalis shown by the sections, and that the Middle and Lower faunas
were not contemporaneous is shown by the biologic evidence and the
indirect evidence of the absence of the Lower fauna in association with
the Middle fauna in the Newfoundland area, where they are now found,
in different sections, a short distance from each other, but separated by
faults and valleys of erosion, now filled by the sea.

§ 127. With the given facts there is little hesitancy in claiming for
the Middle Cambrian (Georgia or Olenellus) fauna a distinet horizon in
the Great Cambrian System of the American continent. That further
research will result in discovering many connecting links between the
Lower and Middle and Middle and Upper faunas of the system there is
little, if any, doubt; but that the three faunas are not of the same geo-
logic age appears to be now well established.

§ 128. Analytic comparisons with the Cambrian faunas of Europe are
omitted until the study of the Upper bambrmn fauna is further ad-
vanced.

§ 129, If students discover errors in these preliminary studies of the
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Middle Cambrian faunas, I w.ill be glad to have my attention called to
them. I also wish to obtain information of the occurrence of Cambrian
fossils and of the places v?here perfect or rare specimens may be seen
or obtaiued for study and illustration. " Any information will be accept-
able, and the completene§s of the work and its value to the student will
be increased by such assistance.

SUMMARY OF THE CAMBRIAN FAUNAS OF NORTH AMERICA.

§ 130. In the accompanying table a summary is given of the Cam-
brian faunas of North America, as far as known to me, up to the pres-
ent date. A critical study of the Upper Cambrian faunas will eliminate
some of the genera and species, and also add others. The study of the
Lower Cambrian fauna of New Brunswick is now being carried forward
by Mr. G. F. Matthew, and that of the Upper Cambrian by myself, and
probably within two years the Cambrian fauna of North America will
be known to include more than 100 genera and 400 species, as to-day
there are 92 genera and 393 species published that I have included in
the fauna. DBesides these there are a number of genera and species not
included that may not be based on organic remains or are synonyms of
some of those that are included.

Summary of the Cambrian faunas of North America, by genera.

: L No.of No.of
Lower. | Middle. | Upper. ;;0 ::' l.;f:‘ ) Hp::_ ;"‘ o
ALGZE.
Crnziand covvevisiciistdninvsnnaive SivesEER e | ssmeaais x-1 x-1 1 2
Palicochorda veeene... e O S | e e x =1 1 1
PAlCOPHYONS s s ne inesss amnessws sass ssmammnsranmre]anns ssaver x=2 »—4 1] G
Wobnls: . o s tatn i assiadsaiaranuialy Jaiiass 2.3 3= 3 9
SPONGIZE. A
ArehBOCTALINS ceveonrimcenraecsssoannnannnnsssas 71 L R 1 4
T S L I 2 N PO [ 1 1
Ethinophyllam e e e e eeeseeeeceeseenemasannennnnce|oanaenans F A B P 1 4
Leptomitus ......... SRR T e %1 fusawsiwnan 1 1
Pl"“lmpungia ___________________ R S R % 1 % 1 x 1 1 2
Strephochotus. ... U F, wi A [eepesiia 1 1
TOlals e 3-3 5-10 1-1 6 13
TIYDROZOA. T
Climacograptus ..o v..eee e veeeeeaeeencermenenn]oeneanen: o | et 1 1
Dendrograptus. . ..o oo e aaas 21 fovanamanas x 1 1 2
DI lOErAPIS . oo e e e o e L ) e 1 1
Protograptus............. VI T FOUTU IR 1 1
Totals....._.. e I 2-2 2.2 1-1 4 5
CRINOIDEA.
Bocystites e e e e % 1 x 2 1-1 1 3
ANNELIDA.
Arenieolites. ... ___. gy e $1 §1 x 2 1 4
Scolithus ..., ____ e IO PO x 1 1 1
TOtall.ceeeeineet e ceeseaeneannes 1| 11 23 2 i
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Summary of the Cambrian faunas of North America by genera— Continued,

—_—

No.of | N
Lower. | Middle. | Upper. genera, | op r;:'i::,

T ——
BRACHIOPODA.

ACTOLTOLA cocnveramacnsancsmsanmarsnmannnsnanscccas

Acrothele ...ueeeecaannns ST e ——

1 4

A ?
Camarelld.coceeveencnccsscsnes e P emmmansaas 1 .
Discina? cccovnvvrcannnnes i cearmemnees PR P P [ x 2 1 o
IPhides cecvernanasenmaossssananas e smE s faesvaea o [ I—— 1 1
Eutorging ...---.- rammamasenn e x 2 x 4 x 2 1 8
Lept®na occuveeeeecsnnncssannnes vesvssasnnssnsasslananesenanforssasanas x 2 1 o
Lingulaf........ SEiE R e R e T e .- x 3 1 3
Lingulella.cccveveenarvenaoansnann R x 8 x 2 x 3 1 8
Lingulepis seeeeuecan SaeRR S e censmmeiennne RN PR B x 9 1 9
Linparssonia ..cea... s E— ceescesssanesann X 2 |ciiemmmeefossacnaaas 1 a
DDSIIR cusaswcisevammvumnssammeesmms weommmmm b A s x 5 x 4 1 q
OrtHiS e e eees ceeannens mcanesnnone sanssssassnssannss x 2 x 1 x 3 1 6
Orthisina. caeeesrecessscasssmananans R e ) eapEe x 7 x 1 1 8
Lriplesit.ceceecomenecaaaassacnarens S S PRI PP x 1 1 1

Tt
]
5

Totald..caeeaeicannnn S AN R e 6-12 0-24 12-32

!

\ = i o
bk b bl e B3 e s BD g-—-\a&‘—m snwﬁﬂﬁ.laummmnumm | o 1

LAMELLIBRANCHIATA.
FoOrdillh . onovoerssacenonancarsmmssnscsnnnnnannssnns ismeEEea 7 B R 1

GASTEROPODA.

Bellerophon .eeecnceecenccnanavanannnmemssansseans|imeeannn. x 1 1
)| L 1 SRR LS FN A S x 1 1
Eaomphalus .c.eenenens S eesasaens AP R ——— x 1 1
Harttia ..... S O veessssanens % 1 lieaienocac]oacan S 1
Tolopes..cosusasanarnnnanesnmaanmmss PR I P i x 1 1
MACIUTER . e m e rennnneacmae s nmmmnnss PP e IR T DL e as x 1 1
Metoptoma. oo vccenanannnns R R S o commlesasasees x 1 1
Ophileta ..... T SRR R Csreeves RO, x 1 1
PaliefCien vovens conannsmamennn o RO PRSIy IAAT—— x 2 1
P CRTAR o sun s smsmmimsnss siamussnsmmenn mmmmmss | wsmmed x 1 x 3 1
PlEUTOLOMATIA +uueeenernssamnmrn asmrmeaannnnssaans L nararme i x 1 1
Seanella. .« 0, Bessemrasiisisrsrrvnenatl . i oL I 1
SLEDOLHECR serererananrsnriamnnmersnssacanaaans — x 6 x 2 x 1 :«

Straparolling: oo siisimis e e 771 |eaene R D
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PTEROPODA.
Diplothecs cevenrierencnnacnoes R s w B lcsvisian
Hyolithellus .oeeee cceviicciaiinnnnnaanns [ 1 ERRmm—— x 1
HY0lthes «eeemerenesreesmennommmmecnasnnanans R x 5 x 6 x 3
Salterella....... cemessnsnassenamesenmasannnnnmnssss|ianas R x 2
Serpulites.oceaeecacaarreenen.n R S P g R L T e e x 1

Q| o e e e

CRUSTACEA.
Beyrichons..cveemiecacanccacananns P % B licissanmiifusines .ns
Climactichnites .covvevrerannnn B e S P PPN ATy (R et x 1
Hipponicharion ...ccvveecvencanmmesccsonssomencnanss 3 U F— asssesinas

Leperditia ....... D R LR PR LS o P e x 2 x 2
I-epiditta ....................... e ——amemn 3 U [ cemmmsamas
Nothozoe..... R consmasnascscsonsomsoanclisensncsccfeananaanadd x 1

b ek et ek ek e

Primitin cueeeecsenccneionepmonssnnnnsesrmenans L U RO
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Summary of the Cambrian faunas of North America, by gencra— Continued.

s e

No.of No. of
Lower. | Middle. | Upper. genera. | apecica.

f—_—:;USTACE&—Continuad. =
Protiohnites.--eco-smnessoasansssnas RN S o i ; :
Protocaris «oaeeeeean-ene . 1
TotalB.ecsvsemanmnonanann B S S e P Eer 57 23 _____'i'_s________li =
PECILOPODA.

Aglaﬂpis vesescssssemssessammat
AgrauloBa.caensmoasssmmnssnnsaacsnassaasctionsennt

-
L= 0

Agnoatﬂﬂ sssmssmssassvssnnns semsnase sessvsissmsssss

Amphion ¥ ceeaceserraaaaas ceeamnne ceemseramenanaaas e P x 1 1
Anopol&nﬂﬂ' _____ ,..........o-l..--u---.----.-.A-- ik |veesvass] i, . 1
ADOMOCaT®.aceuv- cemseasaraas et B e T ¥k losssnans 1
L T S ] CEE SO, LR x 1 1
AsuphiSCUB eeccnermremessesemnnrenrrnanatiea L, % 1 |eanennnnn. 1
]_).:‘th)-not,us ........ sesarresansanan sssnmmmsnnnsssns|incananaas w 1)....... 1
Bathyurusd ceemeeneceonmmrmecrarencanaaaaea.. semn|eannias.es emTe T x 12 12
Bathyuriscus...... tenesrereuasscanan eessessncnconelicnnnnanas 2 . O PR e 2
Chariocephalus ceeeennmarsmrorenecmmmmnieacnaea i x 2 2
Conocoryphe ..... csmesscsecansencen sewmsscceacnaas i I IESETRN BE———— 3
Cropicephals.ceeee e eeeranaanmmeccinenenesnenes]aannnnan. x 2 x 1 i
Ctenocephalus .ccvvvenne..- seramssssccssiasiasanes 3 O (. e hmmn 1

Dicellocephalls ..civvevrencancannasans B N I Pe e x 20

JIL@NUTUS. cacvecomnaessanmsnsosscsmassmnasnanarnnns smmaassanafosaissanns ' P | 1
MesonaciB..ceercacccnanas sesemeuans wmsessmmmernasalinanaaaaas x 1 II .......... 1
Microdiscns .coccvnan SR win e x 2 x 4| 11 7
OgyEial.ccaeeecnsccamnrrenorccccssanccssnnccnasnesfiaeccenaaafoenon. x 1
OICNEIlU8 . veeecnccrscnscassnnssnssnssancssssranmessnvanernns S O e 4
01en0ides ceceeeccucnnanans PR e R T EERRE L BH S P e 8
OleN0S coceneserressnansmemannssnnsssnsnssnnssansesfamannasans Ry x 1 1
Oryctocephalud .ueeevencccrannne. R P ! S | IEN— 1
Paradoxides...... ——— P FE 3 P P 8
Pemphigaspis..c.ceaecevacens R B R L g ssneadesseiag x 1, 1
i 11144 1 1. T P U ] P X 2 fieaiie ,.‘.l 2

7

Ptychaspis.......... s e R PRETON (PRI Ima——— x 7
Ptychoparia (and subgenera) «........ceccveemenes x 6 x 14 x. 60
Solenopleura ........... o i AR SRR ® 1 > A | P
Triarthrells coueeeceeeeieereencasanesenennermisensfocaacnicaionanian, l x 1

b 7 7 [ R 9-35 14-45‘ 16-146 | 31 226

o
=

i T T T T T T S I e
]
=

—

Stratigraphio résumé.

| Geonera. Species.

Upmrcmbm ,,,,,,,,,, o A P sesssmmnaes 52 213
Middle Cambrin veueeoemenneacnenns I demsancia ecisi T e 43 107
Lower Clm'brian...... _______________ PP Al e sesmsssanss ersmsseer 32 76
127 396
35 3
22 893

Reappearances............. eeeerrenenates averen SR SR

Total fanna...... T R AR s S s s T
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Zublogio résumé.
Genera. | Species,

D

Algm ..... timasesessmsessennans senenn serecesasassannins B L L R 3 3
SPONTID «ovaeennrmescnrarsassnesmsssenssssssnstoneec aramssasmaroasnannsses 6 13
TINATOZOA cccae senscsssasnssassasssssnascanens bwai e e ——— 4 5
CTIDOIAOR ¢ cavar cevsnmesessssossnansssnsssanansnmmonsmmssssssssnraassansnsssns 1 3
Aunpelida ..... ST NeiesssssmassssmescastmmssastaTessssssnes mnanTaons ) 5
Brachiopoda cceeeeiaeeiniesnnananns teamsssseamssesenasesmnnnmnans ey Wb 15 -
Lamellibranchita ..ovvececeemeccasesrsnessosaassssasssssnessssssmrasssanssnss 1 1
Gastcmpo«ln....-.................-.........-.‘...........:................... 14 a9
PLOTOPONR < eevvvcincasarmsssrseaasosesnsasssannmssmsaansaatasasas snssrosmene 5 9
CIMBNCON vt s s anata g o S SRS b s M AL Smmm e s wern g mm s @A g Lin 10 15
DT ET (1) e £ R Rty 31 295
ol

§ 131, Genera limited to the Tower Cambrian.~—Jocoryne, Protograp.
tus, Linnarssonia, Harttia, Diplotheca, Beyrichona, IHipponicharion,
Lepidilla, Lepiditta, Primitia ?, Paradoxides, Anopolenus, Conoco-
ryphe, and Ctenoceplhialus.

§ 132, Genera limited to the Middle Cambrian.—~Ethmophyllum, Lepto-
mitus, Iphidea, Fordilla, Scenella, Iyolithellus, Salterella, Protocaris,
Anomocare, Asaphiscus, Bathynotus, Bathyuriscus, Mesonacis, Ole-
nellus, Olenoides, Oryctocephalus, and Protypus.

§ 133. Genera of the Upper Cambrian not occurring in the Middle and
Lower Cambrian—Palivochorda, Scolithus, Diseina, Lepticna?, Lingula,
Lingulepis, Triplesia, Bellerophon, Billingsia, luomphalus, Holopea,
Maclurea, Metoptoma, Ophileta, Palicacmea, Pleurotomaria ?, Serpu-
lites, Climactichnites, Nothozoe, Protichnites, Aglaspis, Amphion ?,
Arethusina, Bathyurus 2, Chariocephalus, Dicellocephalus, Illenurus,
Ogygia?, Olenus ?, Pemphigaspis, Ptychaspis, and Triarthrella.

§ 134. Genera-common to the Lower and Middle Cambrian.—Archiecy-
athus, Protospongia, Boeystites, Arenicolites, Acrotreta, Acrothele,
Kntorgina, Lingulella, Orthis, Stenotheca, Hyolithes, Agnostus, Micro-
discus, Ptychoparia and subgenera, and Solenopleura,

§ 135. Genera common to the Middle and Upper Cambrian.— Cruziana,
Paleophycus, Protospongia, Arenicolites, Iocystites ?, Acrotreta, Cam-
arella, Kutorgina, Lingulella, Obolella, Orthis, Orthisina, Platyceras,
Stenotheca, Uyolithes, Leperditia, Agnostus, Crepicephalus, Micro-
discus ?, and Ptychoparia.

§ 136. Genera common to the Lower and Upper Cambrian.—Dendro-
graptus, Arenicolites, Eocystites 2, Acrotreta, Kutorgina, Lingulelia,
Orthis, Stenotheca, ITyolithes, Agraulos, Agnostus, Microdiscus ?, and
Ptychoparia.

§ 137. Genera common to the Lower, Middle, and Upper Cambrian—
Protospongia, Arenicolites, Eocystites ¢, Acrotreta, Kutorgina, Lingu-
lella, Orthis, Stenotheca, Hyolithes, Agnostus, Microdiscus ?, and Pty
choparia.
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138. Of the 52 genera in UIG.UPD(}I‘ Cambrian, 17 may be said to be
typical of the Second i‘aﬂuna., viz, Discina, Lingula, Leptana, Orthis,
Triplesia, Bellemphon,‘ Luomp}:a]us, ITolopea, Maclurea, Metoptoma,
Opbileta, Plearotomaria, Hyolithes, Serpulites, Amphion, Bathyurus,
and Ogygia. Of the above genera, Discina, Pleurotomaria, Amphion,
Bathyurus, and Ogygia are doubtfully identitied in the Cambrian. Sev-
eral other genera pass up into the base of the Lower Silurian (Ordo
vieian), but are not considered as typical of the Second fauna.

§ 139. When an accurate stratigraphic and palcontologic study is
made of the passage beds between the Cambrian and Lower Silurian
((mmvi(:i;m) systems, or the Potsdam and Calciferous Formations of
the New York and Canadian sections, we shall possess the data upon
which to compare the faunas of the two sections. At present this
Lknowledge is, to a large extent, wanting.

CLASSITICATION OF NORTII AMERICAN CAMBRIAN ROCKS.

§ 140. The following table expresses my view of the classification of
the various formations that go to make up the Cambrian system of
North America. It is subject to revision in details, but the main di-
visions are based on paleontologic and stratigraphic data that | think
will render them of service in the permanent elassification o Ameriean
Paleozoice rocks.

The faunas of the Lower Calciferous unite the characters of those
of the Upper Cambrian and Lower Silurian (Ordovician), and it will
often be difficult to determine to which system the strata containing
them should bLe referred.

Classification of North American Cambrian rocks.

Lowor portion of the Calciferons Formation of Now
LowerCulciferons. York and Canada. Lower Magnesiun of Wis-
consin, Missonri, Lo,
UPPER e -
: | Potsdam of New York, Canada, Wisconsin, Toxas,
CAMBRIAN, Potsdam. Wyoming, Montana, and Nevada; Tonto of
IKnox. Arvizona; Knox Shales of Tennessee, Georgia,
Tonto. amnd Alabama.  The Alibama section may extend
down into the Middle Cambrian.
Georzin Formation of Vermont, Canada, and Now
MIDDLE Gooriin, York.
) Limestones of L'Anse au Loup, Labrador.
L'Anso au Loup. | Y < 5 .
CAMBRIAN, Prospect. ' Lower part of Cambrian nvt-hm'l of Imrnlfa and
Highland Range, Novada. Upper portion of
Wasatch Cambrian section, Utah,
St. John. Paradoxides beds of Braintree, Mass,, St. John, Now
LOWER Braintree. Prunswick., St. John's area of Nowfoundland.
Nowfoundland. | Lower portion of Wasatch section, Utah.
CAMBRIAN, Wasateh. The Ocove conglomerate and slates of East Ten-
‘Lennessec, 1 nesseo aro somewhat doubtfully included.
e
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The Grand Caifion, Llano, and Keweenaw series are probably of Pre.
Cambrian age, and are omitted from the Lower Cambrian, a[thOughI
lhave heretofore made a provisional reference of them to the Cambrig,,

§141. The first systematic arrangement of the formations of the Cay,.
bLrian system of North America is that based ou the paleontologic woyj.
of Mr. E. Billings by Sir William Logan. The Cambrian as a system
is not recognized, the formations from the “ St. John’s group?” to the
Hudson River group, inclusive, being placed under the Lower Silurig,
Owing to its historic interest and value as a contribution to stratigraphie
geology, the table is given complete as found on page 46 of the Report
of the Geological Survey of Newfoundland for 1865:

S_\I'!‘;:Il:tllx'l];'l::lls. Complete scries. Western Basin. | Eastorn Basin. | Newfoundland,
¢l 12. Hudson River.............| Hudson River..[cecccomsnsascaaas
Caradoc ..... i LTI o 117, DU [ 0 1 1. S B
10. Trenton ETOUD «.eeeeveenss Trenton group. .| eceeeceaeeccannes
Caradoel ...... 9. Chazy ceeeevnennne secencaef CHAZY cocireofunamnnnnnaeanas
8. Sillery Sillery.......... Sillery.
g 7. Lanzon » Quebec group....|.ccaceeeecenaea Lauzon ......... Lauzon.
Llandeifo-e: { 6. Levis }Q ¢ { LovViS.eeacuanen- Levis.
5. Upper Calciferous . ....ooloeerriaananaaacss seeeeesenensenaaa.| Ul Calciferous.
. .. { 4. Lower Calciferous ........| L. Calciferous..|.....c.ccove.ae-..| L Calciforous.
) 3. Upper Potsdam . .......... U.Potsdam. ... focciieeiennnannann U. Potsdam.
Lingulafiags. { 2, Lower Potsdam ........... L. Potsdam ?....| L. Potsdam ..... L. Potsdam.
i 1. St. JOhD'S ETOUP «eevauemvefommemeccasananrass St.John’sgroup.| St.John’s group.

In commenting on the table the aunthor said:

It thus appears that the lower portion of tho series is complote in Newfoundland
and the upper in New York and Central Canada. Divisions 3, 4, and 5 have not yet
been recognized in the eastern continental region.

The St. John’s group, 1, is represented at St. John, New Brunswick, by 3,000 feet
of bLlack slates and sandstones, whose fauna, described by Mr. Hartt, was correctly
referred by him to Etage C of Barrande’s Primordial zone. It there reposes on older
schistose rocks, as yet unstudied, but by Messrs, ITartt and Matthews designated as
Cambrian, Tho slates of 8t. John’s, Newfoundland, and the paradoxides beds of
Braintree, Massachusetts, also probably belong to the same horizon.

The Lower Potsdam, 2, is represented by several hundred feet of limestones and
sandstones on the Straits of Belle Isle and on White Bay, in Newfoundland, and by
the slates of St. Albans and Georgia, Vermont.

The Upper Potsdam, 3, is that of Wisconsin and Minnesota, represented in tho
typical Potsdam of New York, which is overlaid by the Lower Calciferous, 4, whilo
;'h@dUPPer Calciferous, 5, is only recognized in the northern peninsula of Nowfound-

and.

In addition I wish to add that number 1 is the Lower Cambrian, num-
ber 2 the Middle Cambrian, and number 3 the Upper Cambrian of this
paper. The additions made to our knowledge of number 2 since 1866
have been the discovery of the Georgia fauna about and below Troy,
1 the Hudson River valley, by Mr. S. W. Ford; the discovery of the
same fauna at Bureka and at various other localities in Nevada and
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Utah by the United States Government surveys; and at Kicking Horse
Lake, British America, by the Canadian Geological Survey. In this
paper I have endeavored to sum up the results of past work and my
own investigations, and to establish, on a firmer strati graphic and pale-
ontologic basis, the Cambrian system of the Continent. The work is
pecessarily imperfect, but it clears the way for future investigation.

ON THE USE OF THE NAME TACONIC.

§ 142. Several American authors claim that the name Taconic should
be used to include the strata characterized by the first or Primordial
fauna of Barrande. If-thisis done, the term “Cambrian” will necessa-
rily be dropped. In reading over the argunents, pro and con, respect-
ing the use of Taconic, I have been influenced by a desire to do justice
to the work of the author of the “Taconic System” and to retain a name
proposed by an American geologist. It is with regret that I find my-
self compelled now to use Cambrian in preference to Taconic, especially
as the Middle Cambrian fauna of this paper is the fanna of the Upper
Taconic of Emmons, as defined by him in 1855 (Amer. Geol., pt. 2, pp.
49-69, 1835).

§ 143. There is no doubt that Dr. Emmons was correct in classitying
the Upper Taconic as pre-Potsdam. To him belongs the credit of ree-
ognizing and describing the Middle Cambrian series of North America
as a distinet formation both on structural and paleontologic grounds;
and it is regretted that we cannot unite with Professors Marcou and
Winchell in applying the name Taconic to the formation. If we do so,
the great Lower Division, described by Dr. Emmons as the typical Ta-
conic, will be dropped entirely, and the Upper Taconic, which is not
now known to oceur in the Taconic area, would be taken as the true
Taconic, which it does not appear to be, although Dr. Emmons included
the “ Black Slate” in it in 1847.

§144. Dr. Emmons deserves great credit for the work that he did.
Struggling under adverse civcumstances, at a time when there was
almost nothing known of the pre-Potsdam strata of North America, and
when geologic methods were yet in their beginnings, he accomplished a
work, in one of the most complicated regions of American geology, the
U::IIt’.l'il-I idea of which, that a great series of Paleozoic strata of pre-
Potsdam age existed east of the Hudson River shales of the valley of
the Hudson and Lake Champlain, we now know was correct. In the face
Oftl_le almost united opposition of his contemporaries he maintained his
Position; and it is one of the misfortunes of his career that he began
1‘:“ Work on the Taconic. System in the Taconic area, instead of Western
ermont or along the Hudson River, as he would then have estab-
lished nig Upper Division first and given it a name under which the
Cambl;ian series of the continent might have readily been assembled.

$145. Tt way be that when the entire extent of the typical Taconic
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area is thoroughly studied the representative of the great limestop,
belt beneath the shales of Georgia, Vermont, may be determined, 5y d
also the overlying Olenellus shales and the underlying strata. If §0, ng
one will take greater pleasure in adopting the term Taconic, as equiv,.
lent to Cambrian and in place of it, than myself.

§ 146. The following extracts from Dr. Emmons’s works, with running
comments, are given to defire the position of the two divisions of t}q

Taconic System. )
§147. Dr. Emmons, in proposing the Taconic System, said (Geo,

New York, Surv. Second Geol. Dist., 1842, p. 136):

The Taconic System, as its name is intended to indicate, lies along both sides of
the Taconic range of mountains, whose direction is nearly north and south; or for 4
great distance parallel with the boundary line between the States of New York,
Connecticut, Massachusetts, and Vermont. The counties through which the Taconic
rocks pass are Westchester, Columbia, Rensselaer, and Washington ; and, after pags.
ing out of the State, they are found stretching through the who]o length of Vermont
and into Canada as far north as Quebee. It is, however, in Massachusetts, in the
county of Berkshire, that we find the most satisfactory exhibition of these rocks,
They form a belt whose width is not far from fifteen miles along the whole western
border, and which extends clearly to the western base of the Taconic Range. The
greatest breadth, therefore, as will be seen by an inspection of any map of this scc-
tion of country, is wider upon the castern than npon the western side of this range.
In Vermont they range along the upper members of the Champlain Group, and thus
become connected with the Second district.

§148. In speaking of the ¢ Position and relation of the Taconic Sys-
tem,” he said further (p. 137):

In this connection, I may state another result as the consequence of the geo-
graphical position of the Taconic System: it is the partial blending of the rocks of
the three adjacent systems, the Primary of the Hoosic Ranges upon the east and the
New York Transition System on the west with the Taconic, creating thereby many
doubts and perplexitics as it regards the true limits of either system ; and inasmuch
as the whole belt itself of the latter rocks is narrow, doubts are thrown over the
whole as it regards the views wo are to takeof them. It will be more clearly scen in
the following pages how it is that differences of opinion prevail in relation to these
rocks. Where they have been crowded together, and especially where the masses
are lithologically similar, it is not at all remarkable that the views and opinions of
geologists should differ; besides, under the most favorable circumstances, the lines
of demarkation between rocks of different cras are often extremely obscured, and
cannot be drawn with that exactitude we wish, in consequence of concealment under
the soil or ather circumstances equally effective to render their extent and relations
indistinet and. uncertain.

§ 149 On the following page he again speaks of the difficulty of rec-
ognizing the differences between the Taconic series and the formations
of the Champlain Group:

Much difficulty is encountered, as has been already hinted, when we attempt 10
draw the line of demarkation between the shales and glates east of the Hudson River
and Lake Champlain and the slates of the Taconic System. So nearly do the latter
resemble the former in lithological oharacters that in specimens of small size the 0n°
might be mistaken for the other. But this is a common difficulty, or one commen 1°
all rocks of the same lithological characters, and it is not to be 'ccnaidered ay a posi-
tive objection to the separation which I now propose.
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There are two or three other points it may be well to state in this place: One is
in regard to the condition of Phe country along the line of junction of these and of
almost all other rocks: there is, for example, a concealment of the strata by rocks
and earth for quite a wide space, covering the termination of the masses on either
gide; added to this difficulty is the confusion created by the great sameness in the
direction of dip, and as h.oth are lithologically slates or shales and both liable to
certain changes in their planes of stratification and of deposition, a wide door is
opelll‘d! throngh which we may run into mistakes and create confusion. In fact, it
often happens that where either of these difficulties exists alone apecial care has to
bo taken to avoid error; but where they all appear, as in the instance under con-
gideration, we can scarcely expect to escape falling into some gross mistake, that es-
pecially which concerns the designation of the rock.

§ 150. Dr. Emmons, after mentioning the question of the relations of
the Taconic and Champlain Groups and deciding that they are made up
of strata belonging to two distinet geologic systems, proceeds to discuss
the lithologic characters of the series (pages 138, 139, 140), and says in
conclusion (p. 140):

If the preceding views are admissible, there is snfticient reason for regarding the
rocks which lio between the upper members of the Chawplain Group and the Hoosie
Mountain as a distinct series at loast; but I would remark that by the expression
«]ying between” I have roference to geographical position, for, considered geologic-
ally. they can bo regarded in no other light than as inferior to the Potadam samdstone
or as having been deposited at an exa carlier than the lowest membor of the New York
Transition System. We have in no instance, however, been able to trace a connection
in these masses, and we have never found the Potsdam sandstone resting npon any
of the members of the Taconic System. To attempt to oxplain this remarkable feature
or fact would be premature. The bare fact that the Potsdam sandstone rests on
gueiss or granite, without the interposition of any other rock, wo carly pointed ont,
and, commencing our series with it, we find it to be unbroken aud uninterrupted up
to the Old Red Sandstone. But if wo commence an examination at the foot of the
Hoosic Mouuntain, which is gneiss, wo pass over a series totally different from thoso of
which we have just beeu speaking, and among which the Potsdam sandstono does not
appear, neither a limestone which can be referred to those of the Champlain Group,
or slate or shale which can be recognized as belonging to the New York System. If
we are correct in this conclusion, if the Taconic rocks difter as mueh as has been rep-
resented from the Primary and also {rom the Transition series, then it appoars neces-
sary that wo should adopt views at least somowhat analogous to those oxpressed in
the preceding pages.

§151. On page 142 he again calls attention to the “liability to mistako
the limestones of this system for those which lie adjacent” and the “dit-
ficulties in distinguishing the slate of the Taconic System.”

§152. The first section given, illustrating the Taconic System, is on
Page 145, and extends from Petersburg, Rensselaer County, New York,
to Adams, Massachusetts; and on plate xi of the volume five sections
are given ¢ explanatory of the Taconic System.” .In all of them we find
on the cast the Hudson River Group, represented as resting unconforin-
f‘bl.‘f on the “Taconic slate,” then the *Sparry limestone” next east, and
In sections 2, 3, and 4 followed by the ¢ Magnesian slate” of the Taconic
Mountains, which is overlaid by the “Stockbridge limestone,” &c.
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§ 153. After describing the “Rocks of the Taconic System? in g gen.
eral way the author then takes each formation up in detail, beginniy
with the western mass of slate which is denominated “Taconic Slaten
(p. 130). It is the first member of the Taconic series described, and, [
think, occupies the position assigned to it by its author as being oldep
than the Potsdam sandstone of New York, and unconformable to tj,
Hudson River shales.

§ 154. The Sparry limestone is next described, and then follows )4
“Magnesian Slates,” the *“Stockbridge Limestone.” and the “Granuly,
Quartz.” _

§ 155. On page 163 various conclusions of a general character aye
given, and in the eighth we find the “Taconic” correlated with the
Lower Cambrian of Sedgwick:

8. The Taconiec rocks appear to be equivalent to the Lower Cambrian of Professor
Sedgwick, and are alone entitled to the consideration of belonging to this system,
the upper portion (of the Cambrian) being the lower part of the Silurian System,

§ 156. The next extended publication by the author of the “Taconic
System?” is in the Agriculture of New York, vol. i, 1847. Dr. Emmons’s
view of the presence of a system of rocks older than the Lower Silurian
of the New York section is evident from the following extracts (page 46):

In the following pages I believe the reader will Le satisfied that in thesc rocks we
have, for this country at least, the true paleozoic base, and that in them exist those
orgauic forms which are strictly entitled to the designation protozoic.

This fact is found in the existence of peculiar fossils on both sides of the Atlantic,
which, so far as discoveries have yet been made, are confined to the slates of the
Cambrian and Taconic System; and now the great object of the writer is to show
that the above question has not been settled right or according to facts; or, in other
words, that the Taconic rocks are not the Hudson River slates and shales in an al-
tered state or that all the Cambrian rocks are not Lower Silurian (p. 49).

I shall take the broad and distinct ground that the Taconie System occupies a po-
sition inferior to the Champlain division of the New York System, or the Lower Divis-
jon of the Silurian System of Mr, Murchison, In order to prove that this position is
well chosen it will be necessary to refer the reader to localities where one system of
rocks reposes upon the other, and that I might set this beyond the possibility of a
donbt I have songht those points where the slates of the Taconic System come in con-
tact with the lower limestones, or with the Potsdam sandstone of the New York Sys-
tem (p. 53). .

§ 157. In the section (page 63, fig. 7) given as showing the position
and order of the Taconic rocks, we find essentially the same order as in
that of the report of 1842, and beneath it the author begins the descrip-
tion of the rocks composing the Taconic System with the description of
the black slate overlying the **Taconic Slate” and its coutained fos-
sils. The ¢“Black Slate” he considered as indicating a distinct rock
from the Taconic Slate, and to be the highest member of the Taconic
‘System. The fossils described are typical of the fauna preceding the
Potsdam fauna, and occupy the stratigraphic position, in relation to the
Potsdam series of New York, assigned them by Dr. Emmons.
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§ 158. In giving its distribution he says (p. 71):

The Black Slate is not as wel.l exposed as the Tacouic; there is, therefore, some
ancertainty in regard to it. It is t.he. rock adjacent to the Champlain and Hudson
valleys, and more frequefltly that which we oh.aerve immediately beneath the calcif-
erous sandrock, or cropping out from beuneath it. What we see of it is frequently in
a crushed condition, and bounding the Taconic Slate on the west in New York apd
Vermont. I have not recoguized it abont Albany or Troy. Greenwich, in Washing-
ton County, is the most southern point at which I have observed it. It extends
porth as far as St. Albans, in Vermont. I speak of those points which I have in-
spected. - On St. Albans Bay it is traversed by satin spar. It is also calciferous
here, as woll as at numerous points upon Lake Champlain. It crops out beneath the
enleiferous sandstone at Sbharpshins, near Burlington. I am unable to form an esti-
mate of its thickness.

§ 159. Of the Taconic Slate of the 1842 report (section 6) he says
(p- 72):

The Taconic Slate, with its subordinate beds, ocenpies almost the whole of Colum-
bia, Rensselaer, and Washington Counties. It extends to the base of the Taconic
range of mountains, which divides New York from Massachusetts and Vermont. Ly-
ing in its usual inclined position, if no repetitions of the same mass oceur, it is of
immense thickness. JFor example, from Lansingburg to the Sparry limestone in the
castern past of Ioosic, near the western bounds of Bennington, in Vermont, it is at
least twenty miles in a direct line. Its dip varies from 45° to 70°. But admitting
that the same mass reappears, it will still be found immensely thick. 1 have often
examined it two miles perpendicular to its strike, and found no indication of repeti.
tions. I leave it to a future opportunity to make an approximate determination of
its thickness, or to others who may take up the subject.

Withont doubt this immense rock admits of subdivisions; that is, it will probably
be found proper to make those masses which I have treated as subordinate inde-
pendent rocks, of which perhaps others still will be recognized of suflicient impor.
tance to merit the same distinction. In whbatever light we may regard theso minor
points, there is no doubt that the quantity of matter in this slute exceeds that of all
the members of the New York System put together.

The Sparry limestones and other strata to the east are next described.

§ 160. Dr. Emmons again gives a résumé of the Taconic System in
1855 (Amer. Geol., pt. 2). On pages 5 and 6 he says:

My first business is to sketch a picture of the oldest of the sediments as they aro
exhibited in a serics which collectively constitute the Taconic System, and as it is
developed in the Taconic ranges of Berkshire and the adjacent country immediately
north and south,

» " » ™ » - +

The Taconic System has a clear and well-defined base, which is rarely obscured

by p:msaf{es into the primary schists, the pyroplastic rocks, sienites, or granites,
» Ll » L L »

If my viows are correct (and I have cndeavored to sift them of error), we can go

back no further; we have no older sediments.
. * L » # : »

.m"_’ evidence of the existence of a system of rocks beneath and older than the
f;::":m“ System in this country rests on many well-determined facts. Tbese facts
and“ut llll‘ of equal importance ; but those which are not direct serve to corrol.mrate
a“ndi:;stm“ those which are. The facts which bear directly upon the a\'lden‘ce
dist; to are superposition, succession, unconformability, and the presence of fossils

et from those of the Silurian System.

§ 161. On page 12 we have the first proposition to divide the Taconic
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System into two divisions, Upper and Lower; the Lower to includg
all the original Taconic of the 1842 and 1846 reports, with the exceptig,
of a portion of the Taconic Slate and the “ Black Slate” of the 1 847
report. '

§ 162. The author describes the Upper Division of the Taconic rocks
as consisting of numerous beds of slate alternating with shales, thiy,.
bedded sandstones (some of which are coarse and brecciated), thiy.
Ledded, bluish limestone more or less cherty and red, and brown anq
purple roofing slates. Sections are given that cross the Upper Taconi
series at points {rom Highgate, in Northern Vermont, to Rensselaor
County, New York. Some of the sections have been studied since Dr,
Immons examined them, and the fact has been ascertained that be diq
not, in many instances, recognize the series of north and south faults
that break the continuity of the sections; but, after deducting all the
errors, the Upper Taconic remains as a distinct formation beuneath the
horizon of the Potsdam sandstone. )

§ 163. In 1859 Dr. Emmons again reiterated his views of the Taconic
System in bis little Manual of Geology. Under Taconic Systerg (p. 81)
we read : :

This system deserves the special attention of geologists, for two reasons: Ist. It
is probably the base of the sediments. 2d. It is also probablo that it is the Palwozoic
base, and, in both respects, it must be regarded as the oldest series of the sedimentary
class.

This system is subdivided into Lower and Upper; the first consists of a conglomerate
at the base, succeeded by silicious talcose beds of considerable thickness, in which
there are frequently pebbles; next above are three thick beds of sandstone, separated
by talcose slates; these are succeeded by the Stockbridge limestone. This is the
marble of Berkshire County, Massachusetts, and which extends from the State of
Vermont to Georgia. The Stockbridge limestone is succeeded by a mass of slate of
great thickness, the upper part of which is suitable for roofing. The greatest thick-
ness of the Lower Taconic rocks is about 5,000 feet. The upper quartz beds are often
vitrified, while a lower one, still many hundred fecet nearer the pyro-crystalline rocks,
is a sandstone (p. 85).

The upper series we have just described (§ 162).

§ 164. Prof. J. 1). Dana considers that most, if not all, of the strata
included by Emmons in his original Taconic is of Lower Silurian (Or-
dovician) age. Dr. T. S. Hunt holds that the term Taconic should be
restricted to the original or Lower Taconic of Emmons (Trans. Roy. Soc.
Can., Taconic Question in Geology, vol. i, p. 217; vol. ii, p. 125, 1883-"84),
a view that appears to be the correct one; and whether geologists will
unite with Dr. Hunt, and call the series of strata next, beneath the Cam-
brian Taconian, is a question that is not yet decided, as it is yet un-
proven whether such a group exists in the original Taconic arca. It
appears to exist in other localities where it was described by Dr. Em-

mouns, and, if this is verified, the term ¢ Taconic” or “Taconian” may
receive a final resting place in American geologic nomenclature.
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DESCRIPTION OF THE MIDDLE CAMBRIAN FAUNA.
FUCOIDAL REMAINS, TRAILS OF ANNELIDS, ETC. *

Mr. Billings described twospecies referred to the Alga from the Georgis,
Group, Palwophycus incipiensand P. congregatus (Geology of Vermont, v,
ii, pp. 943, 944). Prof. Jules Marcou mentions the presence of a species
of Oldhamia (Bull. Soc. Géol. de France, 3° sér., t. ix, p. 25, 1881); bug
after examining the specimen labeled by Professor Marcou, and now in
the Museum of Comparative Zoology at Cambridge, Mass., and also ex-
amining great quantities of the shales at Parker’s quarry, it seems that
the so-called Oldhamia is the result of frost and water action, aund is
not of organic origin. The Choundrites spoken of by Prof. Marcou, and
so labeled in the Museum of Comparative Zodlogy, owes its origin to
fine rootlets penetrating between the layers of shales and staining
them. Worm trails and borings are not of infrequent occurrence in the
Georgia Group, but with the exception of a species of Cruziana, found
east of Highgate Springs, and one in Nevada, and, possibly, the two
species of Palicophycus described by Mr. .Billings, nothing else that can
e referred to the Algie is known to me. | '

Dr. E. Emmons described a number of trails and doubtful fucoids
from the “black flags and slates” of Rensselaer and Washington
Counties, New York, and Waterville. Maine, which he considered to be
from the Taconic System. Owing to their doubtful zoslogic character
and the insufficient data upon which many of the species are referred to
the Upper Taconic, I have omitted them from the present study, and
will not include them in the fauna until collections are made from the
typical localities and their stratigrapliic horizon is determined.

When revising the Upper Cambrian faunas, I expect to illustrate the
trails and fucoids of the Cambrian System, and will then discuss more
fully those of the Middle Cambrian.

SPONGIZ.

Genus ARCHAOCYATHUS Billings.

Archaocyathus Billings, 1861. Pampblet; Geology of Vermont, vol. ii, p. 944; Pal.
Foss., vol, i, p. 3 and p. 354,

Original description.— “Turbinate, simple or aggregate; cup deep-
The internal structure, so far as can be made out, consists of an inner
wall, constituting the inner surface of the cup, and an external wall or
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epitheca enveloping 'thc whole. DBetween the two walls are numerous
radiating septa, the interseptal spaces being filled with poriferous or-
cellnlar tissue. I.t; is .hlghl?' probable that the inner wall is permeated
by pores cmnmumtfatmg mt’h thc. interseptal tissue,” _
As Mr. Billings included in this genus the species now placed under
the gepus Ethmophyllum, it is necessary to emend the above descrip-
tion.

Description as emended : Body of sponge simple, elongate, eylindro-
conical, concentrically corrugated; cup deep. Both surfaces with
irregularly-disposed round or oval pores, some of which penctrate a
<hort distance and others communicate with the canals of the interior.
Interior structure a more or less irregular system of rounded and irreg-
ular passages or canals, many of them terminating as cul-de-saes or
little chambers in the mass of the skeleton.

On a longitudinal section the skeleton is seen to be arranged on
arching tranverse lines and vertical, slightly-radiating lines.  The
minute structure of the skeleton is unkuown. If spiculiv existed they
have been destroyed by the erystallization of the calecareous matter now
forming the skeleton in A, Atlenticus ; but in 1. Billingsi spiculiv
ocenr in the interseptal spaces, the cup, and about the specimens, as
seen in thin sections, that I think belonged to the species,

ARCIHAOCYATHUR A1TLANTICUS,
- Plate ii, figs. 1, la; ploiii, figs. 1, la, b, 2, 2a.
Archwoeyathus atlanticus Billings, 1361, Pamphlet; Geology of Vermont, vol. ii, p.
9455 Pal. Foess, vol. i, p. 5.

Original deseription.—¢ The only specimen of this species in the col-
lection is a fragment 4} inches in length, 14 lines in diameter at the
larger and 9 lines at the smaller extremity.  Where the diameter is 11
lines the cavity of the cup is 43 lines across, and the space between the
walls 3 lines.  Of the radiating poriferous septa thereare abont G0; they
arve so irregular that it is only in certain places in finely-polished see-
tions that the radiated structure can be detected.  On one side where
the specimen is weathered the structure presents the appearance of a
rather cempaet cellular tissue.  The form appears to be clongate con-
ical, gradually tapering, the surface marked by wide shallow encireling
oblique annulations, from 3 to 6 lines distant from each other. The
outer wall does not seem to be poriferous, but this appearance may be
due to the erystalline condition of the rock into which it is converted.”
. On studying the type specimens, 1 observed a small projecting growth
from the inner wall (. ii, fig. 1a) which had begun to show @ cen-
tral cavity and an inner and outer wall. None of the sections shows
the fine vesicular structure so prevalent in B, profundunt, but, in place
OF the regular septa and dissepiments, we find an irregular system of
l‘hiclc arched septa and vertical partitions, the openings between them
forming an irregular system of passages or canals, many of which ter-
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minate as cul-de-sacs and others penetrate through the wallg
communication between the interior and the cup and also 1
outer surface and the interior.

In some specimens the interior structure is soirregular thatng S¥sten
of septa can be determined. _

The specimens referred to this species from Silver Peak, Nevagy ate
separated by an interval of 3,000 miles from those at I’Anse ay L:)up
but I am unable to detect” differences of specific value between them’
Each has the annulated cylindrical form, pitted surface, irregular “.31"-‘5.
the interior skeleton yith the irregualar system of septa, and "GI‘t-icai
partitions with the round or oval system of passages running througy,
and between them. Many of the smaller specimens are solid to the
center, and may possibly be branches broken oft' from a central magg.
but, so far as we know, all the specimens are simple and not brauche({,
There is also a considerable variation in the mode of arrangement of tle
canals running through the interior, but I think all the specimens be.
long to one species.

Formation and localities—Middle Cambrian, I’ Anse au Loup; on the
Straits of Belle Isle, Labrador; and Silver Peak, Nevada. Longitude
1170 20/ E., latitude 38° N,

» afforgj,
etweey the

- ARCHAOCYATHUS BILLINGST n. sp.
Plate iii, figs. 3, 3a-c.

Body of sponge cylindro-conical, annulated; cup deep. Both sur-
faces with irregularly depressed, round or oval pores that penetrate
through the walls. Outer walls united by arched, transverse septa
that are strengthened by irregular vertical partitions subparallel to the
outer walls. Numerous small pores penetrate the septa and afford
communication between the interseptal spaces which, with the outer
pores, gave a free circulation to the water, Skeleton of the walls,
septa, and partitions caleareous, apparently solid. In the cup and in
the interseptal spaces where spicule from without apparently could
not enter, we find in thin sections numerous small, irregular spicula-
like bodies which 1 think were the spiculie of the sponge.

The relatious of this species to A. Atlanticus are shown by the form
and by the tendency in some specimens of the latter to develop trans
verse septa and vertical partitions subparallel to the walls. Spcciﬁcwll}'
they differ, but generically they approach each other quite closely, 28
may be seen by comparing the figures on plate iii. |

The species occurs in a purplish limestone, associated with 4. Atlan-
ticus, Lthmophyllum profundum, &e. The largest example is a fragment
015‘ an elongate cylindro-conical specimen. Its greatest diameter is
1 mm.

Formation and locality.—Middle Cambrian, I?Anse au Loup, Straits
of Belle Isle, Labrador.
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Genus ETHMOPHYLLUM Meek.

" pthmophyllum Meek, 1868. Amer. Jour. Sc'f. and Arts, 2d ser., vol. xlv, p. 62.
{rchaocyathus Meek, 1868, Amer. Jour. Sci. and Arts, 2d ser., vol. xlvi, p. 144,
;lmhwocyatkeuus Ford, 1873. Amer. Jour. E?ci.-and Arts, 3d ser., vol. v, p. 213. Gen-

oric name proposed at end of description of Archwoeyathus ! Rensselaericus,
Protocyathus Ford, 1878. Amer. Jour. Sci. and Arts, 3d ser., vol. xv, p. 124.

The original description of the genus by Mr. Meck is descriptive of
the species rather than of the genus, as the latter embraces several
species that vary in details. Mr. Meek’s description will be found un-
der Ethmophyllum Whitneyi, the type of the genas.

As now understood, the genus may be defined as follows: Body of
sponge simple, elongate, cup-shaped, turbinate, clavate or ¢ylindro-con-
ical, curved or straight, vertically ribbed or lobed or concentrically cor-
rugated, or both combined. Cup deep, sometimes more or-less filled by
a vesicular growth on the inner wall. Both surfaces with more or less
numerous round or oval pores in vertical and horizontal rows that cross
cach other obliquely or at right angles. The pores usually penetrate
through the walls; some may terminate in cul-de-sacs. Outer and inner
walls united by transverse vertical septa that originate on the outer wall
and extend inward, ultimately joining the inner wall. Septa usually
poriferous, but sometimes no openings can be detected. Thin dissep-
iments may or may not cross the spaces between the septa. Septa 6 to
112 in number, as now known. Inner wall with or without a vesicular
orowth extending into the central cup. The series of septa and walls
may be repeated again and again, or show only onc series. Skeleton
made up of fine branching spicule in one species (2. Minganensis), and
undetermined in others, owing, probably, to the replacement of the parts
by calcite.

Mr. Billings, in proposing the genus Archwocyathus, evidently in-
cluded this type, but at the same time he included another generic form,
A. Atlanticus, and followed the generic description with that species. The
generic desceription is also more applicable to A, Atlanticus. (Geology
of Vermont, vol. ii, 1861, p. 944.) The scecond species, A. Mingancnsis,
is now placed under Ethmophyllum, and A. Atlanticus is taken as the
type of the genus Archivocyathus, although Mr. Billings, in subsequent
publicat-ions, evidently considered it a secondary species; inasmuch as
he did not redefine the genus and as another generic name is needed to
include one of the two genera placed under Archeocyathus, 1 prefer to
limit the latter to its type species and use Mr. Meek’s genus for the other,
and thus avoid placing Ethmophyllum as a synonym of Archeocyathus
and creating a new genus to include A. Atlanticus.

Archeocyathellus Ford, 1873, is generically identical with Ethmophyl-
lum: Mr. Ford distinguished thelatter genus by its straight form, longi-
tudinally-ribbed exterior, and remarkable poriferous system. I find all
these characters in E. Whitneyi and also the characters of E. profundum.
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In studying the structure of . Whitneyi, E. Minganensis, B, Profungy,
and E. Rensselaericum we find in all an outer poriferous wall connecten'
to an inner wall by septa, the double walls forming a figure that
eylindro-conical, elavate, turbinate, or modified forms of all of th(‘s{f
the central space inclosed by the inner wall is usually open, but Somef
times filled with a vesicular mass, or it may be a building of wall ype,
wall, as in the outer walls.  This is skown Dy fig. 1b of plate i and fig, 1,
of plateiv. The outer surfaces of 1. Minganensis and E. profundum shoy
in large specimens, a concentric corrugation or undulation of the gyy.
face, but in the small and slender specimens this becomes less and Jeg
prominent, and iu one 5™ in diameter it is nearly lost.  In I, Whitney;
broad undulations begin to show in specimens 10™™ in diameter, as seep
in fig. 1, plateiv. The species grows much larger, but none of the lavger
specimens show the outer surface or form.

The longitudinal ribbing of the surface is promineut in young slendey
specimens of E. Whitneyi, and less So in specimens 0™ or 15mm iy (j.
ameter.  This is owing to the inerease in the number of septa with the
increase in size.  The septa of K. Rensselaericwon vary in number, and
the external ribbing varies in a corresponding manner.

The pariferous system of E. Rengselaericum appears to be the sawme as
that of E. Minganensis and E. Whitney?, as far as known.

The genus Protocyathus was proposed for a specimen having on the
outer wall a single row of large pores directly on the line of each septum,
the septum opposite a row of pores bending around each pore. In fact
they correspond, in position and form, to the pores of the inner wall,
We have, from Troy, a specimen with the outer wall removed, that indi-
cates a similar row of larger pores than the width of the septum. The
probabilities are that they indicate openings in the outer wall, but. of this
there is no positive proof. Mr. Ford’s type specimen is a cast, nearly
all the outer wall being removed, but on 2 small bit, still remaining,
a poriferous surface is shown.

As far as I know the types of the two genera Archaocyathellus and
Protocyathus, I refer them to Ethmophyllum, leaving the question of
their specific relations an open one. The variation in the number
and in the size of the septa is so great in K. Rensselaericum that it
will not be surprising to find specimens showing gradational forms be-
tween the two species.

A specimen of H. Whitneyi, examined since the above was writtem
shows the poriferous outer wall removed in places and the larger open-
ingson the lines of the septa (Gg.1, pl.iv). Comparing these with fig. 3,
pl. il (B. profundum) and other specimens, we find that this is owing 0
the openings in the septa just within the outer wall, as shown in @
restoration (fig. 2, pl. iv). In fig. 2, pl. v, the outer wall is removed
and the openings look like pores leading into the interior. Iig. 2 also
sbows the same feature. -

Mr. Billings, in describing the characters of the genus Archaocyd
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thus, as found in E. profundum, E. Mingancnsis and A. Atlanticus (Pal,
Toss., vol. i, D. 354, 1865), says: :

« The following are some additional details of the structure of this re-
markable genus: The general form, as exhibited by the three species at
present known, is that of an elongated hollow cone, or, rather, a hollow
eylinder with one end narrowed to a point, the smaller extremity being
closed and more or less curved; the larger end open. They thus re-
semble certain large species of Zaphrentis or Cyathophyllum, and, in fact,
from their form and septate structure, were at first thought to be corals.
Some of the individuals appear to have obtained g length of two or three
feet, with a diameter of three or four inches.

« All of the species are transversely and more or less deeply marked
by irregular annulations. The structure consists of an inner thin wall
or endotheca, lining the great central cavity, an outer wall or epitheea,
forming the rough external surface, and between these a system of
adiating septa. The outer wall in two of the species, A, profundus
and A. Minganensis, is perforated with numerous small irregular aper-
tures leading directly into the loculi or empty spaces between the septa.
In the third species, A. Atlanticus, it (the outer wall) appears to have a

e TR L ST
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Fia, 7.

Fia. 6. TMa, 8.

Fic. 6. Ethmophyllum Minganensis (after Billings).
Fis. 7. Ethmophyllum Minganensis (enlargement of surface).
Fia. 8. Ethmophyllum Minganensis (spiculie, enlarged to 50 diameters).

compact, smooth surface, with only a few perforations. The inner wall
'S very thin, with numerous pores leading from the loculi into the great
tentral cavity. The septa consist of thin, flat plates, arranged longi-
tudinally exactly as in the genus Zaphrentis. They extend from the
outer to the inner wall and are perforated with numerous small circular
bores, so that the interseptal loculi all communicate with each other as
Well as with the central cavity and the exterior. The loculi are sub-
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divided by very thin dissepiments resembling those of a Cyathopy, n
but they are irregularly distributed, being in some parts entirely a‘;) _"”’.
aund in other places so numerous that they completely fill the lnéuli \i{:nt
small cells, constituting the ¢ poriferous or cellular tissue’ '“@Iltimlt
in the original description of the genus. The central cavity extei:ed
nearly the whole length and constitutes a large proportion of the hu‘ll?
of the fossil. DBelow it there is a portion of the smaller ex: Temity (L
Lase, which is composed ouly of the outer wall, the septa, anq 1I:r-
dissepiments. The section across this part shows that the ynew *"Iitat
which are introduced from time to time, as the diameter increases, (1(;
not at first extend to the center, and it would appear from thig that
they were developed on the iuner surface of the outer wall, anq o,
ually widened as in the genus Zaphrentis. Close to the extreme point
of the base the septa and dissepiments have an irregular arrangement
and the loculi sometimes here appear to be mere circular perforat ionxt

“The small branching spicula, above figured, are seen imbeddeq in
and forming a part of the substance of the outer wall of A. Minganensis,
The fusiform and eylindrical varieties are also seen, but rarely, eithe;
adhering to or partially imbedded in the same specimens.  As tliey
were obtained in thousands in the sediment left after dissolving ]1ie¢:ets
of the limestone holding fragments of this species, they were at first
thought to belong to it; but T have recently, while treating other
pieces of limestone from the same bed, also holding fragments of .,
Minganensis, found that another large species, Zvichospongia sericea,
oceurs in this rock, portions of which are crowded with, and scem to
be almost altogether composed of, these spicula. It should therefore
remain an open question whetlier or not these fusiform and eylindrical
spicula actually form a part of the structure of Archeocyathus or are
those of 7. sericea. There can scarcely be any doubt about the branched
spicula, as they can be scen not only projecting from the surface of the
silicified specimens, but. also in the thin slices prepared for the micro-
scope. No spicula have been detected in A. profundus. 1n A. Atlanticus
there are several objects visible, in the only specimen of that species
that bas been collected, which resemble branched spicula. No silicified
specimens of these two latter species have been procured, and I think
it probable that if such could be examined spicula would be found in
them.

“*As to the zodlogical rank of this genus there yet remains some
doubt. The geueral structure is such that it may possibly be a sponge.
The apertures in the external wall may be the homologues of the in-
halent pores of the ordinary sponge, while those of the inner wall may
represent the exbalent orifices. The great internal cavity in that case
would bave the same function as the large central cloaca of the fistulose
genera of sponges. A radiated and more or less perfectly septate
structure occurs in many undoubted sponges. In this genus, however,
the substance of the septa is almost as compact as that of the true
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The perforated character of the outer wall, and also of the
it suggest & comparison with corals of the division Zoantharia per-
&;fam« The Favosites have also their walls perforated. Dr. J. W.
Dawson, who has exgmined a number of the slices of A. atlanticus
and A. proﬁmdus, which have been prcpu.re-d f(?r t}ne. microscope, is of
opinion that the structure of these two sl_lecles !.S similar to that of the
coraminifera (Can. Nat. and Geol., April, 1863). My own opinion is
that all three species belong tf’ one generic group closely related to
Calathium. This latter passes into Eospongia, which, inits turn, grad-
nally merges into other genera that occur in more recent formations,
such as Rhysospongia, Scyphia, Siphonia, and others. The resemblance
petween the whole structure and that of the palmozoic corals scems
also to show that in the Lower Silurian seas organic forms existed
combining the characters of the Protozoa and the Celenterata.”

Sir J. W. Dawson compares the genus with Fozotn and gives addi-
tional particulars resulting from his study of the genus. He says
(Dawn of Life, pp. 151-150, 1875): * To understand Archocyathus let
usimagine an inverted cone of carbonate of lime trom an inch or two to
a foot in length, and with its point buried in the mud at the bottom of
the sea, while its open cup extends upward into the water. The lower
part buried in the soil is composed of an irregular acervuline nefwork
of thick calcareous plates, inclosing chambers communicating with one
anotber. Above this, where the cup expands, its walls are composed of
thin outer and inner plates, perforated with innumerable holes, and con-
nected with each other by vertical plates, which are also perforated with
round pores, establishing a communication between the radiating cham-
bers into which they divide the thicknoess of the wall.  In such a struet-
ure the chambers in the wall of the eup and the irregular chambers of
the base would Dbe filled with gelatinous animal matter, and the pseu-
dopods would project from the numerous pores in the inner and outer
wall.  In the older parts of the skeleton the structure is further com-
plicated by the formation of thin transverse plates, irregular in distri-
bution, and where greater strength is required o calearcous thickening is
added, which in some places shows a canal system like that of Iozodn.
(On the whole these curions fossils, if regarded as foraminifera, are most
nearly allied to the Orbitolites and Dactyloporx of the early Tertiary
period, as described by Carpenter). As compared with Iozoin the fos-
sils want its fine perforated wall, but have a more regular plan of growth.
There are fragments in the Eozoon limestones which may have belonged
to structures like these, and when we know more of the deep sea of the
Primordial we may recover true species of Eozoin from it or may find
forms intermediate between it and Archmocyatbus. In the mean time
L know no nearer bond of connection between Eozoon and the Primor-
dial age than that furnished by the aucient cup Zosphytes of Labrador,
though I have searched very carefully in the fossiliferous conglomerates
of Cambrian age on the Lower St. Lawrence, which contain rocks of
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all the formations from the Laurentian upwards, often witlh chargt
istic fossils. I have also made sections of many of the f’osmlifero‘:r.
pebbles in these conglomerates without finding any certain remaing ;sf
such organiswms, though the fragments of the crusts of some of the
Primordial trilobites, when their tubuli are infiltrated with dark carboy).
iferous matter, are so like the supplemental skeleton of Eozogy that
but for their forms they might readily be mistaken for it, and associateq
with them are broken pieces of other porous organisms which may
long to Protozoa, though this is not certain.”

Zittel thinks that the genus may possibly be referred to his fanily
Euretidee (Handbuch der Pal., 1880, p. 173), and Hinde considers thej;
relations as doubtful (Cat. Foss. Sponges, 1883, p. 10).

From the material we have for examination I am inclined to consider
Ethmophyllum a sponge, the spicula of which, in several of the species,
have been lost in the crystallization of the calcite now forming the
skeleton. Its mode of growth and the development of the septa point
to the ¢yathophylloid corals; the interior skeleton recalls some of the
forawinifera, but the presence of spicule in E. Minganensis and the
intimate relationship between all the species and F. Minganensis asso-
ciate it with the Spongiwm, close to the family Euretide of Zittel. Tt
may be necessary to establish a new family to receive this and allied
genera.

Dr. Zittel defines the family Euretide as follows (Handbuch der Pal,
p. 173, 1880): “Sponge-body cup-shaped, cylindrical, clavate or branch-
ing, fixed. Skeleton reticulate, the crossing nodes of the six-rayed,
cemented spicule imperforate. External surface naked or protected
by a thickening of the outer layer of the skeleton; sometimes covered
with a very delicate network of cemented spicule which differ but little
from those of the rest of the skeleton. This mesh-like covering also
extends over the ostia (mouths). Structure of the root like that of the
rest of the sponge. Spicula of the sarcode wanting or preseni.”

I have recently become acquainted with the work of Dr. J. G. Borne-
mann of Eisenach, on the Paleontology of the Cambrian District of
Canalgrande in Sardinia. That writer discusses the cbaracter of the
fossils referred to the genus Archaocyathus and proposes a new class
of Ceelenterata which he calls Arch®ocyathine. The genus Amhm-'
ocyathus, as defined by Dr. Bornemann, is the genus Ethmophyllum of
Meek. Nine species are described under it, most of which, it appears
to me, are founded on varietal rather than specific characters.

" The second genus, Coscinocyathus, is separated from Ethmopll}tl-
lum (=Arch®ocyathus) by the presence of quite regular cross-septa,
addition to the longitudinal radial septa. This definition would include
our species F. Billingsi. Fifteen species are described under Coscino-
cyathus, many of which are based on external form. ‘

© The third genus is Anthomorpha, in which there are irregular cross
septa between the radial septa.
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The descriptions are only outlined, and, as I have not seen either
illustrations or specimens, I wallf until Dr. Bornemann publishes his
lustrated memoir before comparing or eriticising the species.

The principal papers published by Dr. Bornemann, knowu to me at
present, are: ' ‘ | ‘

Sur la Classification des Formations Stratifiées Anciennes de l'lle de
gardaigne. (Compte-Rendu du 2me Congrds géol. internat., Bologne,
1881, pp- 1-12, pls. i, ii.)

Palacontologisches aus dem cambrischen Gebiete von Canalgrande in
Sardinien. (Zeits. deutsch. geol. Gesellsch., xxxv., 2, 1883, 5. 270-274.)

Cambrische Fossilien von der Insel Sardinien. (Zeits. deutsch. geol.
Gesellsch., Xxxvi., 3, 1884, s. 399-400.)

Untersuchungen cambrischer Archa®ocyathus-Formen und verwand-
ter Organismen vou der Insel Sardinien. (Zeits. deutsch. geol. Ge-
sellsch., xxxvi,, 3, 1884, s. 702-706.)

ETHEMOPHYLLUM WHITNEYI Meek.
Plate iv, figs. 1, la-h.

Ethmophyllum Whitneyi Meek, 1868. Amer. Jour. Sci. and Arts, 2d ser., vol. xlv, p. 62,
Ethmophyllum gracile Meek, 1868, Idem,

Archaocyathus Whitneyi Meek, 1868. Amer. Jour. Sci. and Arts, 2d ser., vol. xlvi, p.
144,

Archaocyathus gracilis Meek, 1868. Idem.

Original description.—*The specimens of this fossil contained in the
collection are slender, slightly flexuous, arched or -nearly straight, and
subeylindrical, excepting near the lower end, where they taper to a
point, by which they were probably attached. They may have grown
in tufts or groups, but all the specimens yet seen are single and show
no evidences of growing in contact.

“To the unassisted eye the external surface of these corallites, with the
exception of obscure annular swellings and constrictions of growth and
faintly marked linear septal costa, seems to be nearly or quite smooth.
When examined under a strong lens, however, it is seen to be beauti-
fully punctate, the punctures being minute, of exactly uniform size,
and arranged with mathematical regularity in quincunx, and so closely
Crowded that the little divisions between them are scarcely equal in
bl‘eftdth to the punctures themselves, and form, as it were, an extremely
delicate kind of net work. So remarkable is the appearance of this
Dlll}cture(l outer wall that the first question that suggests itself, on ex-
dinining it under a magnifier, is, whether or not it may be merely an
°Xceedingly delicate Polyzoén incrusting the whole surface. A clear
‘t’fiammation, however, especially in carefully prepared transverse sec-
\;?11'18’ shows that the puuctures actually pass entirely through the wall,
: otsmh 18 very thin, and that they are not due to the growth of the Poly-

0, nor to surface ornamentation. '
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«QOn grinding away this very thin punct.u_red wall, the septa, are seey
immediately within to be stout, equal, straight, and very equidistant,
but in grinding a little farther in they are observed t-o. become very
regularly waved laterally, exactly like the septa in t!fe Joraminiferous genus
Fusulina. So striking is this resemblance that it was not until afte,
ascertaining from cross-sections that the fossil has not an involuteq
structure that I could get rid of the suspicion that it might be a type of
Foraminifera allied to Fusulina, instead of an extraordinary cosal.

« By grinding still farther in (to a depth of about 0.06 inch, in a specj.
men 0.34 inch in diameter), the lateral waving of the septa already mey,.
tioned is scen to be there suddenly and so strongly marked that they
connect laterally in such a manner as to form a kind of complex innep
wall between the great central cavity and the outer septate zone. Thig
wall, however, does not completely isolate the septate outer zone from
the central cavity, but is perforated by a series of round equal canals,
very regularly placed, one within each of the lateral curves of the septa,
so that those on the opposite sides of each septum alternate with exact
regularity, as do those of each of the two rows within each interseptal
space. These canals have no similarity to the minute punctures of the
outer wall, being greatly larger and very differently arranged. They
do not pass directly through the inner wall, but are directed obliquely
upward and inward, so that as seen in transverse sections of the coral-
lites they present the appearance of a double row of vesicles cut across.

“Both longitudinal and transverse sections show the large central
cavity to be without any trace of septa or columella. From these sec-
tions I was likewise at first led to believe this central portion to be also
an entirely open cavity or calice the whole length of each corallite, but
on sending specimens to Professor Verrill he called my attention to
some obscure appearances of transverse plates in one of the specimens
cut longitudinally and requested me to cut others with the view of as-
certaining whether or not these are plates. A longitudinal section of
another specimen, however, when carefully polished, reveals no traces
of proper trausvere plates; but when examined by the aid of a strong
magnifier it shows the whole interior to be occupied by a dense vesicu-
lar tissue, the walls of the vesicles being of extreme tenuity. This
structure is seen in the interseptal spaces of the outer zone, as well as
in the central cavity within.

“In regard to the affinities of so remarkable a type, it seems scarcely
safe to express an opinion without a better serics of specimens for
study. Some of its internal characters, as suggested by Professor Ver-
rill, would seem to indicate remote affinities to the Cyathophyllide;
but its peculiar perforated outer wall would, on the other hand, appear
to remove it from the primary division of corals including that family-

“'I am therefore led to Lelieve it a new genus, and most probﬂbl&r
typical of a new family, in which opinion Professor Verrill concurs
with me. For this genus I would propose the name Ethmophyllum.
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« Among the specimens in _the collection under examination there are
apparently two species of this fossil. That considered the type of the
genus is larger and 1130:*0 robust than the other, and more conical in
form, especially near 1ts smaller end. None of the specimens seen are
quite perfect at the larger extremity. One measures (.37 inch at
its imperfect larger end and seems to have been 2} to 3 inches in
Jength. In this there are sixty septa, while its outer septate zone ix
0.07 inches wide. Another fragment, however, measures 1.20 inch in
diameter at the larger end, and was probably 5 to 6 inches or more in
length, with 112 septa at the larger end. This large fragmment shows
that the septate outer zone does not increase in thickuess or breadth in
proportion with the size of the corallites, since it is only 0.15 inch broad
in this specimen, the increase in thickness of this corallite being made
up by the increased size of the non-septate interior. For this larger
species I would propose the name Ethmophyllum Whitneyi, in honor of
Prof. J. D. Whitney, to .whom I am indebted for the use of the speci-
mens. ' .

« Of the other species I have seen but a single specimen, which is im-
perfect at both extiremities, about 2.15 mches in length, and only about
0.20 inch in diameter at the larger end and 0.15 at the smaller, with
some 24 to 28 septa. In addition to its much more slender form, it dif-
fers from the other species in having its septa so strongly waved later-
ally as almost to divide the interseptal spaces into cells, nearly to the
outer wall. TFor this, if it should prove to be a distinet species, I would
propose the name Ethmophyllum gracile.”

A few months later Mr. I. B. Meck wrote P’rof. Dava respecting the
genera Ethmophyllum and Archicocyathus, and his remarks were
printed as follows (Amer. Jour. Sci. and Arts, 2d ser., vol. xIvi, p. 144):

*Since preparing my remarks, published in the Journal of Science
(Jan. number, p. 62, 1868), on the curious fossil from Nevada, for which
I proposed the name Ethmophyllum, I have been led, by further com-
parisons, to think it probably not generically distinet from Archeocya-
thus of Billings. At any rate, it seems to agree very closely in internal
SFI‘uetuI‘e with his A. Minganensis and A. profundus. The Nevada spe-
cles differs so widely in form and general appearance as scarcely to
S“g.gest; a comparison with Mr. Billings’s species, and, besides, I had
derived my impressions of his genus entirely from his typical species, 4.
Atlanticus, which also differs so materially in internul structure that
Mr, Billings suspected it might be generically distinct from his A. Min-
Janensis. If these types are generically identical, however, I can
scarcely entertain a’doubt but that the Nevada fossil will fall into Mr.

lings’s genus, which has priority of date. In this case, the names of
g;:fevada. species would become Archeocyathus Whitneyi and A. grac-

The original specimens described by Mr. Meek are in the collection
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of the United States National Museum, and a number of tlﬁn Sectioyg
have lately been made from some of them that slm“.r th(_a details of strugy,
ure. An examination proves that the type species is _gffﬂerically the
sawe as Archaocyathellus Rensselaericus of Ford., and thatitis generically
identical with Arch@ocyathus profundus of Billings. The septa join tyq
inuer wall regularly when there is no vesiculal: structure withiu it, py,
when the latter is present the septa terminate irregularly and the innep
wall is imperfectly developed. In the lower and s.maller end both waljg
and septa are regular, the vesicular structure and irregular growth cop,.
ing in with the growth of theindividual. The structure is shown by the
figures of plate iv.

Sometimes the outer wall and septa are broken away, leaving the
vesicular interior. I find that the form described as E. gracile by My,
Meek is the result of such an accident, as it corresponds in stracture
to the vesicular interior of other specimens of E. Whitneysi.

We also observe that the thin arched dissepiments between the septa
increase in number with the growth, and that where two dissepiments
partition off a cavity between the septa a pore opens into it through
one of the adjoining septa. The number of septa in sections of the
same diameter varies considerably, eight to fourteen in sections 11mm
in diameter. The thickness and direction of the septa are also variable
in different specimens and in different parts of the same specimen.
Frequently the differences might be taken to be of specific value, but I
regard them as variations of growth caused by local influences on the
individual sponge, such as being crowded by its fellows, fragments of
other organisms getting into it, variation in supply of food, &ec.

In a thin section, tubes two-fifths of a millimeter in diameter appear
as simple rings crossed by light bands, which are the interseptal spaces.
In other small sections the entire section is solid.

As the genus Arch@ocyathus is restricted to the type species 4. At
lanticus, E. Whitneyi falls back into the genus proposed for it.

Formation and locality.—Middle Cambrian. Silver Peak, Western
Nevada. The species occurs in a limestone and calcareous shale, asso-
(;iat,ed%witb Archeocyathus Atlanticus, Hyolithes princeps, Olenellus Gil-

erti, &c.

ETEMOPHYLLUM PROFUNDUM Billings.

Plate 1, figs. la-c; pl.ii, figs. 3,3a,b; pl.iv, fig. 3.
Archeocyathus profundus Billings,.1865. Pal, Foss.,vol.i, p.4.

Original description.— Elongate, turbinate, more or less curved, the
basal one or two inches slender, then rapidly expanding to a diameter
of from one to four inches, then becoming cylindrical. The form is that
9t‘a large Cyathophyllum or Zaphrentis. The cavity of the cup extends
in depth nearly to the base. The radiating septa are thin and closely

+ crowded together, there being eight or ten in the width of three lines.
The surface is annulated by strong rough ridges from three to six lines
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distant from ea»clf other, the intervening furrows being two or three
lines deep- The -mner wall of the cup is exceedingly thin, apparently
Jess than half a line.

«In none of the specimens is the outer wall preserved except in spots,
and there only partially. Thelarge individuals appear to have attained
a length of more than one foot with a diameter of from two to four
inches.”

Having received from the Geological Survey of Canada some frag-
ments of limestone containing specimens of this species, several thin
sections were prepared, from which illustrations have been taken that
show most beautifully the manner of growth and the minute structure
of the organism so far as preserved. The vesiculose character of por-
tions of the structure give it the appearance of a Cystiphylloid coral.
Beside the cup-shaped mode of growth, there are small stems 5om tg 10um
in diameter that are solid to the center, and one piece 20™™ in diameter
has no central opening. In such examples the septa and dissepiments
are thicker than in the examples with a central opening.

In the enlarged section of a sponge, shown by fig. 1, pl. i, and fig. 3,
pl. iv, the growth has been a combination of the regular double walls
with vertical septa and the vesiculose structure shown by fig. 14, pl. i.
The septa cxist between several different, more or less entire, inner
walls, and the thin arched dissepiments erowd all the open places le-
tween the septa and the irregular breaks in the walls. The specimens
represented by figs. 15, 1¢, pl. i, show the irregular vesiculose struct-
ure carried to the extreme, the central cup being filled up for some
distance. The outer wall, with its attached vertical septa, appears to
have been broken or worn off of the specimens represented by figs. 1,
1, of pl. i. This is not an uncommon feature of the specimens from
I’Anse au Loup, and is very misleading in studying cross sections, as
the irregular vesiculose interior often resists destruction better than
the exterior, and an entirely different species appears to exist. Mr.
Meek was misled by this in proposing E. gracile for the center of E.
Whitneyi.

Formation and locality—Middle Cambrian. I?Anse au Loup, Straits
of Belle Isle, Labrador.

ETHMOPHYLLUM RENSSELAERICUM Ford.

Plate v, figs. 1, le-f.

dreh@ocyathellus? Rensselaoricus Ford, 1873. Amer. Jour. Sci. and Arts, 3d ser., vol.
v,p.211,{ig. 1. Genus Archmocyathellus proposed at end of description.

Original description.—%“The only specimen clearly belonging to this
Species that has come under my notice is exceedingly small, being only
0.30 of an ineh in length and having a diameter of not more tha.n. 0.16
of an inch at the larger extremity, when perfect. This specimen is, in
Appearance, a slender, delicately-fluted cone, about one-third of which,
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including the apex, is imbedded in the rock. Of the remainder 2 cop
siderable portion is in a badly-damaged condition, the outer wall, Wit];
the greater part of its underlying septa, having been partially tory,
away. Such portion as remains uninjured, however, is in an excelleng
state of preservation and shows the leading features of structure j, a
very perfect manner. There remains, notwithstanding, much yet ¢ be
desired in order to completely characterize the species; and I have de.
ferred any special notice of it hitherto in the hope of being able to
obtain other, and possibly more perfect, specimens; but, failing in this,
I have thought it advisable to carry the description as far at this time
as the material at hand will permit. The species may be described fop
the present as follows:

“Elongate, conical, straight, gradually expanding from the base up.
ward. Cup moderately large, depth unknown. Outer wall thick ang
strong, inner wall apparently mmuch thinner. Radiating septa thin, nu.
merous, not far from forty, judging from the number seen, sometimes
a little irregular in their spacing. Dissepiments slender, occasionally
absent, at other times dividing the interseptal spaces or loculi for a short
distance into several compartments. Surface faintly annulated and lon-
gitudinally marked by numerous low, rounded ridges, with shallow in-
tervening furrows, the ridges and furrows of about equal width. The
ridges mark the position of the loculi, while the middle of each furrow
indicates the place of one of the septa. Along each furrow and run-
ning its entire length are two straight rows of minute, closely-arranged
circular pores, opening into the loculi. The rows of pores of any given
furrow are separated from each other by a thin strip or plate of the
outer wall, corresponding in position and thickness to the septa; and
it is a singular fact that the pores of either row are arranged alternately
not only with respect to the other, but also with respect to those of
the succeeding row in the next nearest furrow. The pores all commu-
nicate with the interior close to the septa where these latter join the
outer wall ; and, as the rows of pores along any given furrow lead into
distinct though adjacent loculi, it follows that all of the loculi were con-
nected with the general surface by means of a double set of apertures.
Whether the inner wall and radiating septa are perforate has not yet
been made out. Color of the fossil, in gray limestone, when a little
weathered, light brown.

“The above are the characters, so far as known, of this interesting
and beautiful species, embracing only such as are displayed by the speci-
men mentioned at the beginning. These characters taken together are
quite sufficient to distinguish it readily from any described specics
while in respect to several of them, such as its straight form, longitud-
inally-ribbed exterior, and remarkable poriferous system, the species
appears to me at present sufficiently distinet from Archwocyathus 0
constitute a new though closely allied genus. Should a further study
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of it confirm this opinion., I propose to call it Archewocyathellus. Until,
however, more can be said about it, I prefer to class it as above.”

Having obtained more perfect specimens I.2dd to the above descrip-
tion. .

There are from three to six rows of minute pores on each of the
slightly raised longitudinal lobes formed Ly the slight depression along
the line of each septum. The entire surface is poriferous, and some of
the rows of pores open directly on the line of the septum. This must
ipfluence in a measure the attachment of the septum to the outer wall.

The inner wall has a row of large pores, some ot which are opposite
the line of attachment of the septa and others open directly into the
interseptal spaces.

The number of septa varies from nine to eighteen in the specimens
we have; the type specimens, figured by Mr. Iford, show twenty or
twenty-one. In most examples the septa are thin, but in one they are
considerably thickened, as well as the outer and inner walls, the inter-
septal spaces being much reduced in size. That the septa are perfo-
rate where they join the outer wall is seen in the several examples;
a diagrammatic sketch of this is shown by fig. 2, pl. iv.

The cup is very deep and extends nearly to the smaller end, which is
closed or rounded off, terminating rather abruptly.

Mr. Ford states that several dissepiments divide the interseptal
spaces, but none has been observed in the half dozen sections I have
studied.

Formation and locality—Niddle Cambrian. Conglomerate limestone
on the ridge east of the city of Troy, N. Y.

ETHEMOPHYLLUM RARUM Iord.

Plate v, figs. 22a-b.

Protocyathus rarus Ford, 1878. Awer. Jour, Sci. and Arts, 3 ser., vol. xv, figs. la, b,
p. 124,

Original description.—“The fossil form for which the above generic
and specific names are proposed belongs to the Archwocyathus group
and finds its nearest analogue in Archeocyathellus of the writer, from the
same locality and geological horizon (this Journal, March, 1873). The
only specimen at present known to me is but 0.22 of an inch in length
and has a width of only 0.16 of an inch at the larger extremity. The
general form is that of a minute cone with the apex broken off. The
width at the smaller extremity is 0.12 of an inch, and of this fully one-
t}nird is occupied by the cup. The cup itself is filled with light-colored
lunestune, rendering it easily distinguishable from the interseptal areas,
Which are filled with a darker colored material. These latter appear to
bave been twenty-eight in number. The radiating septa may be ob-
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served in two or three places, and are seen to be thin ang delioat
The outer wall has been almost wholly removed and the portiopg of ?
that remain are much weathered. The material presented for Stllf]‘-;
cousists, therefore, of the solid molds of the interseptal spaces, thJ
cup filled with limestone, a small number of the septa, a tra,nsvm.s:
section of the inner wall, and the impression of a considerable port;o,
of the outer wall. The latter shows that the external surface Whey
perfect was longitudinally furrowed as in Archwocyathellus. In that
genus, however, so far as known, there are two rows of pores along
each of the furrows, one on either side of the septa, whereas ip the
present genus there appears to have been but one, and that placeq g;.
rectly on the line of the septa. The evidence of this consists of rutely
circular holes placed at regular intervals along the middle of each 1.
row in the cast. These appear to me to argue the existence of funnel.
like projections inward of the outer wall at the place of the openings,
That they mark the position of orifices leading into the interior appears
to me in the highest degree probable. Their position is, however, so
remarkable, that I was for a long time unablé to understand the mean-
ing of them.

“QOn one side of the specimen there are a small number of the inter-
septal molds that project beyond the others, and one of these shows
one of its lateral faces for a considerable distance lengthwise, and also
nearly down to the outer surface of the inner wall. An examination of
this face shows that the cavities observed along the furrows extend but
a short distance inward, and that the septa arched around the funnel-
like projections which they represent from below, striking the outer
wall only at the intervening spaces. * * * * * Tt is further
shown that these cavities are directed slightly upward, or toward the
aperture of the cup. These characters serve to distinguish the form at
once from Archwocyathellus, in which the septa meet the outer wall un-
interruptedly.

“If I am right in viewing the cavities along the furrows in the cast
as indicating the presence of external orifices at these poiuts, then it
follows that these orifices were doubtless functionally equivalent to the
double row of orifices along the furrows of the outer wall of Archeocy:
athellus. In proof of this it may be remarked that the size of the cavi-
ties indicates that the orifices were, proportionally, considerably larger
than those of the only known species of Archeocyathellus (A. Rensse:
laericus), while their position is such as to present no obstacle in the
way of regarding them as having communicated simultancously with
two of the interseptal spaces.”

As stated under the generic description, the proposed genus Proto-
cyathus does not appear to be well established. The difference given,
the occurrence of a single row of large pores over the septum which 8
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pased on the inner cast of the outer wall, is not, so it appears to me,
of generic value. The same stmctqre is fshown in fig. 2 of pl. v, a
specimen that 1 doubtfully re:,fe? to this species in preference to E. Rens-
selaericum; the reason for this is shown by fig. 2, pl. iv, the holes being
the openings through the septa cpnnecting the interseptal spaces; the
outer wall having been removed in figs. 2, 2, of pl. v. We shall await
further evidence before accepting the genus Protocyathus.

Formation and locality.—Middle Cambrian. Conglomerate limestone,
on the ridge east of the city of Troy, New York.

Genus LEPTOMITUS n. gen.
Leptos (fine), mitos (thread).

Elongate bodies, formed of fine thread-like longitudinal lines (%) ap-
parently imbedded in a delicate membrane (?), slowly expanding from
a narrow base.

The appearance of these bodies is such as might be formed by the
tuft of long silicious spicules of the glass-rope sponge, ITyalonema, if
the latter were pressed out between the layers of the shale and the ani-
mal matter formed a film about the fine, delicate, thread-like spicule.
In the type specimen a confused mass of spicule (1), crossing each other
at right angles, occurs at the larger end. Type Leptomitus Zitteli.

LEPTOMITUS ZITTELI 1. Sp.

Plate ii, figs. 2, 2a.

’

Several fragments of this form were found in the fine-grained argil-
lites at Parker’s quarry in association with Olenellus Thompsoni, Proto-
caris Marshi, &e. The resemblance to a bundle of the elongate spicul®
of Hyalonema is very striking, and the occurrence of the confused and
broken spicules at the larger end of the best preserved specimen, and
the crossing of the lines or strice and their breaking up into several
Darts at the opposite end, give added force to the comparison.

Although we have no proof that the sharp raised lines were slender
silicious spicules, there is little doubt in my mind that in this form we
have a representative of Hyalonema in the Middle Cambrian.

My first impression was that the species was related to Serpulites dis-
solutus Billings, of the Trenton limestone, but an examination with a
magnifying glass at once dispelled the idea and caused a reference to
the Spongize. . ;

Formation and locality.— Middle Cambrian, Georgia Formation.
Parker’s quarry, Georgia, Franklin County, Vermont.
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Genus PROTOSPONGIA Salter.

Protospongia Salter, 1864. Quart. Jour. Geol. Soc., vol. xx, p, 238, pl, Xiii,
PROTOSPONGIA FENESTRATA Salter.
Plato vi, figs. 2, 2a-b.

Protospongia fenestrata Salter, 1864.  Quart. Jour. Geol. Soc., vol. xx, p, 238, pL. xii,

12a-b. 1bid., Cat. Cambrian and Silurian Fossils, p. 3, 1873, 8

Hicks, 1874. Quart. Jour, Geol. Soc., vol. xxvii, p. 401, pl. xvi, fig, 20.

Zittel, 1877. Abb. der k. bayer. Akademie der Wiss., 2. Cl., xiii. Bd. « Studieq
it, Fossile Spongien” (p. 45, sep. copy).

Carter, 1877. Aun. and Mag. Nat. Hist., ser. 4, vol. xxv, p. 177.

Brogger, 1878, Om paradoxidesskifrene ved Krekling. Separataftryk af Nyt
Magazin for Naturvidensk., vol. xxiv, i, p. 20, t. 6, . 14.

Sollas, 1380. Quart. Jour, Geol. Soc., vol. xxxvi, p. 362, figs. 1, 2.

Rocwer, 1830. Lethea Geogn., 1. Th., p. 316, f. 59.

Hinde, 1883. Cat. Fossil Sponges, p. 129, pl. xxviii, fig. 2.

Walcott, 1884. Monographs U. S. Geol. Survey, vol. viii, p. 11, pl. ix, figs, 5
5a, b.

Mr. Salter originally described this interesting sponge as having a
loosely reticulate skeleton formed of very large cruciform spiculw, the
branches of which cross each other at an angle of 809, and ouly in one
plane, no ascending or descending branches rising from the point of
conjunction, The angles occasionally vary, but not much.

More perfect specimens obtained by Dr. Hicks show the spicul® to
be quadriradiate, slightly raised at the center, and formed of four nearly
cylindrical rays.

The skeleton, as described by Mr. Sollas, is composed of large primary
spicule, with the interspaces filled in by three series of spicul, each
formed of spicul® smaller than those preceding it, their rays all lying
regularly disposed in two directions at right angles to each other, and so
building up a net-work with square meshes.

The skeleton is not preserved in any of the Nevada specimens, the
different sized spiculie lying scattered on the surface of the limestone
shale or crowded together without any regularity in the direction of
the rays or the size of the spiculic. The spiculx, however, appear t0
be identical in all respects with those described by Messrs. Salter,
Hicks, and Sollas, and if they had not been scattered or crowded
together by accident would form a skeleton similar to that described bY
Mr. Sollas. The under side of the spiculae shows no trace of a fifth ray
or its point of attachment, appearing in this respect like the upper side,
except that the surfaceis a little concave instead of convex on the upper
side. They are silicious and differ in mineral character from the
spiculee of the Cambrian rocks of Wales which have been repl:«wed
by pyrite.

Dr. Hicks states that P. fenestrata occursin the Longmynd Group, in
the Menevian Group, and also in the Upper Lingula flags to the basé
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£ the Tremadoc rocks, giving a vertical range of from 8,000 to 10,000
;‘]eet (Quart. Jour. Geol. Soc. London, vol. xvii, 1872, p. 181). 1t also
oceurs i black shales of Cambrian age in Norway and Sweden.

Mr. G. F. Matthew also notes the presence of the genus in the St.
John Group of New Brunswick.

Formation and localities.—Middle Cambrian, Prospect Mountain lime-
stone. In the mountain shale near the Eldorado mine and in the
Secret Calion shale on the east side of Secret Caiion, Eureka District,
Nevada.

Genus STREPHOCHETUS Seely.

Strephochetus Secly, 1885. Amer. Jour. Sci., 3d ser., vol. xxx, p. 357,

Original description.—“* A free calcareous sponge, showing in structure
concentric layers composed of minute twining canals.” Under the de-
scription of the type species, S. ocellatus, the author says: “A compact
calcareous sponge, spherical or slightly flatteued, distinetly concentric
in character, usually less than half an inch in diameter, forming, when in
masses, a tough limestone. When weathered the concentric character
is very evident, the fossil then looking like little eyes peering from the
stone.

“These forms arc often gathered in crowded masses, the intermediate
spaces being filled with fragments of the fossil mingled with oilitic
grains. More rarely they appear here and there in a mass of ojlite.”

With the exception of the minute twining canals, the above deseription
applies closely to the sponge or Stromatopora-like bodies from the Mid-
dle Cambrian of Nevada. The minute structure has been destroyed by
crystallization, and the reference to Strephochetus is simply to call at-
tention to the presence of organisms resembling the type species 0. ocel-
latus from the Chazy limestone of the Lower Silurian (Ordovician).

STREPHOCHETUS ? sp.?

_ Spherical or oval bodies with a concentric structure, averaging 15m™
n diameter and occurring scattered through a compact limestone and
an arenaceo-calcareous rock. Minute structure unknown.

Formation and localities.—Middle Cambrian. Calcarcous layers in
the sandy shales above the quartzite of Prospect Mouutain, Eureka Dis-

trict, and at Silver Peak, longitude 117° 20/ west, latitude 38° north,
Nevada.

HYDROZOA.

Dr. Emmons described a number of Graptolites from “Taconic”
rocks (Amer, Geol., vol. i, pt. 2, pp. 104-110), but, when we come to
:—tmly them and also the author’s remarks on their stratigraphic posi-
20 w‘? areé compelled to reject all but two species from the Georgia
51:) "lmatlon or Middle Cambrian; these we found in the argillaceous

s at Parker’s quarry, Georgia, Vermont.
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In a letter written to Prof. Jules Marcou, December 28, 1860, 3y,
Emmons states ¢ that mostif not all those beautiful graptolites I‘Gferre{i
to the Hudson River Group by Prof. T. Hall belong to the Taconi,
There are probably two species in the Trenton and the slates apgy,,
No more.” (Proc. Amer. Acad. Arts and Sci., new ser., vol. xii, 1885'
p. 188.) This proves that Mr. Emmons had not a clear idea of the yq;
tion of the shales of the Hudson River Valley that contain the grajy,.
lites deseribed by Prof. Hall, nor of the shales at Point Levis carryi,,
the graptolitic fauna. Elsewhere in Vermont, Virginia, and TennesSo_:
he did not distinguish between the older rocks and those of the Hudsgo,
River Formation. Of this we will speak at another place and time,

Prof. Hall described Graptolithus Milesi (Geology of Vermont, vol, i,
1861, p. 372) as from a bowlder of Georgia slate picked up in the tow),
of Monkton, Vermont. The species is of the type of those from Poiyt
Levis, and as nothing of the kind has yet been found in situ in the
Georgia shales, and the bowlder was found on the line of the glacial drift
from Cabnada, I do not think it best under the circumstances to admit
the species to the Georgia fauna. Prof, Hall thinks that ‘it is proba.
bly of the Quebec Group.” (Can. Org. Remains, Dec. II, p. 53.)

On plate i of his American Geology, Prof. Emmons figures two species
of graptolites, fig. 11 as Diplograptus secalinus and fig. 2 as an unde-
termined species.

At Swanton Falls, Vermont, a species of graptolite occurs in the
shales that is identical with Climacograptus bicornis of the Hudson River
Formation. Prof. Marcon refers the strata containing the graptolites
to the Taconic, and places it below the Potsdam sandstone, but I think
without either stratigraphic or paleontologic evidence.

Genus DIPLOGRAPTUS McCoy.
DIPLOGRAPTUS ? SIMPLEX E_mmons.

Plate xi, figs. 4, 4a.

Diplograptus simplex Emmons, 1855. Amer. Geol., vol. i, pt.2, p. 104, plL i, fig. 11.

Original description.—“ Straight ; serrations pointed, cells, rather dis-
tant oblique to the axis; the serration equal in length to one-sixth
or one-seventh of the width of the stem. The upper or young part of
the stem is three-eighths of an inch wide and the number of serrations
i8 24 to an inch. It narrows towards the base, where the serrations are
rather obtuse and more distant than those above, and is 10 inches long
as exposed upon the slate. It is confined to the Hoosic roofing slate.”

Dr. Emmons originally applied the name Fucoides simplex (Taconic
System, 1844, pl. v, fig. 1; Agric. Rept. N. Y., pt. 5, 1846, pl. xvii, fig. 1)
to a species previously named by Prof. Amos Eaton (see T'wentieth Rept-
N. Y. State Mus. Nat. Hist., 1868, p. 268) as Fucoides secalinus. Sub-
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,quently be referred the species named by him to Eaton’s F. secalinus,
St’ql. ng it Diplograptus secalinus, gave a description as above, and at the
calnle time figured another species which we have found in the fine ar-
f;;;aceous shales of Parker’s ledge. For this I have decided to use
'fgmmons’s name simplex, thfa name D. secalinus being restricted to the
species from the Hudson River Group, as described by Prof. Hall (Pal.
. Y., vol. i, 1847, p. 267).

The specimens from Vermont are completely flattened in the shale,
and are small as compared with the stipes described by Dr. Emmons,
as the largest one is scarcely 2 inches in length and the small ones have
much the same appearance as the compressed frond of a Phyllograptus,
put the similarity between the figure given in bis American Geology and
the central portion of the longer fronds from Vermont is so marked that
I think they are identical. Dr. Emmons states that the known locality
was in the Hoosic slate, but I suspect, from his having worked to the
north in Washington County, New York, he may have procured the spec-
imen figured from some other place, referring the slate to the same geo-
logic age as that at Hoosie; this is the more probable, as a similar con-
fusion of localities is to be detected in other parts of his work. The
details of the description are drawn apparently from the small speci-
men figured, ratber than from the distorted specimens usually observed
in the Hoosic slate. In several of the Vermont specimens there is a
strong, round, central axis, as shown in fig. 4 of plate xi, that appears
as though a hollow axis had been filled with sediment in a more or less
complete manner, thus preserving the form of the axis, while in other
specimens it was compressed and all traces of it lost.

Formation and locality.—Middle Cambrian, Georgia Formation. Par-
ker’s quarry, Georgia, Franklin County, Vermont.

Genus CLIMACOGRAPTUS Hall.

CLiMACOGRAPTUS ¢ 7 EMMONSI D. Sp.
Plate xi, fig. 5.

‘ The only specimen we have of this species is ghe upper portion of a
single stipe found by Mr. E. Hurlburt in the same band of shale with
Diplograptus 2 simplex, Mesonacis Vermontana, Olenellus Thompsont, and
Protocaris Marshi.

The stipe is elongate, narrow, and with narrow, deep indentations on
cach side, at right angles to the axis of the stipe, that reach well in
towards the center, leaving short, strong pinnula-like projections be-
tween them that alternate, with relation to each other, on the opposite
Sides of the stipe. Where the stipe is 4™» broad, ten indentations
occur in a distance of 11", The position and character of the cellules
i!nre Wnknown ; whether they are in the deep indentations, and the speci-

en shows the lateral view of a compressed stipe, as in Climacograp-
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tus when similarly compressed, or whether they form the rathey lar
projecting points between the indentations, somewha}: as in Rastrit,
is not determined. The reference to Climacograptus is entirely Drovis
jonal, and not intended to indicate the presence of that genus iy the
teorgia Formation, but that a form too nnperfec_t for a close generje
reference, resembling compressed specimens of Chmacogra,ptus, oceurg
at that horizon.

Sooner or later more extensive collections will be made in the Georgi,
shales, and it may be that the graptolitic fauna will be more fully g,
veloped.

The specimen figured by Dr. Emmons as ‘‘intermediate specieg”
(Amer. Geol., pl. i, fig. 2) appears to be the same as the specimen undep
consideration. No description or reference to locality is given by Dy,
Emmons.

The specific name is given in memory of Dr. E. Emmons, who strug.
gled so long to maintain the pre-Potsdam age of the formation in which
this graptolite occurs.

Tor the use of the specimen I am indebted to Mr. . Hurlburt, of
Utica, New York.

Formation and locality.—Middle Cambrian, Georgia formation. Park-
er’s quarry, Franklin County, Vermont.

ECHINODERMATA.
Genus EOCYSTITES Billings.
Eocystites Billings, 1868. Acadian Geology, p. 643, fig. 220.
EocysTITES ¢ ¢ LONGIDACTYLUS n. Sp.
Plate v, fig. 3; pl. vi, figs. 1, la-c.

General form elongate-oval or ovate, as far as can be determined from
the crushed specimens. Plates numerous, disposed without apparent
order and varying in form, size, and surface characters on the same
body. The margin of. many of the plates appears to be indented so as
to leave an opening, or pore, that passed into the central cavity; these
plates are grouped together on one side, so far as we now know. The
surface of the plates varies: (1) smooth and nearly flat; (2) smooth
and slightly elevated at the center; (3) smooth and depressed at the
center, with more or less distinct ridges radiating out to the margin;
(4) more or less prominent ridges radiating out from the center to the
rr.largin. The plates of type 4 have crenulations on the margin that give
1ise to an appearance of the presence of pores. None of.the openings
of the body has yet been observed. '

A row of long slender arms appears to have surrounded the summit.
Unfortunately our specimens do not show the summit distinctly, nor the
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arrangement of the arms about it, although, in the specimens repre-
sented DY figure 1D, t-he? bases of several- arms are present on what ap-
~,ear8 to be the inner side of the summit of the body. The arms are
}'ormed of two se_rles of pla.tef. that slightly a}term}te in relation to each
other, as shown in fig. 10, (.,agts pf short pinnule are seen along the
side of geveral of the arms—a pmnuie'to cach plate on the side at
wwhich it occurs. None of the arms show an ambulacral groove. Stem
or pedicle unknown. .

The specimens collected are from a pinkish argillaceous shale and
nave been injured by distortion and compression. Plates of the same
geneml type were found 1,000 feet lower in the strata in the Ely Mount-
ains associated with Olenellus Gilberti; also, at Parker’s quarry, Georgia,
Vt., associated with Olenellus Thompsoni, Olenoides Marcoui, Protypus
senectus, &c.

The reference of this species to the genus Eocystites is entirely pro-
visional, as the genus was founded on loose plates of a eystid found
in the St. John Formation of the Lower Cambrian System. The St.
John Formation plates are more strongly ridged than those of E.? ?
longidactylus, but I know no way of generically distinguishing them,
or either of these, from the plates described as Protocystites Menevensis
Hicks (Quart. Jour, Geol. Soc., vol. xxviii, p. 180, pl. v, fig. 19). Under
the circumstances I prefer to wait until more is known of the deseribed
genera before definitely expressing an opinion on the generic relations
of I. 2 ? longidactylus.

Trochocystites Bohemicus Barrande (Bull. Soc. Géol. de France, 2° sér.,
t. xvii, p. 537, pl. viii, fig. 1) appears to be distinct from both Locystites
and Protocystites.

Formation and localities.—Middle Cambrian. Chisholn mine, south-
west slope of the Ely Mountains near D’ioche; also, in the Highland
range, eleven miles north of Bennet’s Spring, Nevada, associated with
Olenoides typicalis, Bathyuriscus producta, Ptychoparia Piochensis, &e.

BRACHIOPODA.

Genus LINGULELLA Salter.
Lingulella Salter, 1861. Memoirs Geol. Surv. Gt. Brit., p. 333.
LINGULELLA C/ELATA Hall (sp.).

Plate vii, figs. 1, la—d.

Orbioula calain Hall, 1847. Pal. N. Y., vol. i, p. 200, pl. 1xxix, figs. 9a~c.
Ua (0.) calata Ford, 1871, Awer. Jour. Sci., 3d ser., vol. ii, p. 33.
lella calata Ford, 1878. Amer. Jour, Sci., 3d ser., vol. xv, p. 127.

 Original description.—*¢ Qrbicular, small ; apex excentric, depressed
1g the center, and subplicated near the margins ; surface marked by
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fine concentric lines and minute elevated points, giving it the appeg
ance of being covered by a poriferous coml.”’ ‘ o

Mr. Ford subsequently studied the species and described it ag fol.
lows: “The ventral valve is somew.hat elongate-ovate, with the Dea)
pointed, slightly elevated, and co.nsplcuously channeled for t%le Passag,
of the pedicle. The convexity is moderate and nearly uniform. ¢
the inside there are two prominent, elongate, curved scars, one on Cithep
side of the median line, with their concavities directed outward. Thege
recall by their form and position the large lateral scars of the ventpy
valve of certain species of Obolella (e. ., O. chromatica). The othep
impressions of this valve have not been made out.

«The dorsal valve is more rotund than the ventral and has the begy
much depressed. The convexity increases with increasing age, and iy
adult specimens is such as to sometimes give the valve a semi-globoge
appearance. A shallow depression extends in all the specimens frop
the Leak to the front margin, but in fully grown forms it is often incon.
spicuous. On the inside there are four prominent ridges. Of these the
more central two commence close to the median line a short distance in
front of the beak and extend into the forward third of the shell slightly
diverging throughout, while the lateral pair take their rise close to the
beak and reach to points a little in advance of the mid-length. There
is also a short, slender ridge directly beneath the beak, on the median
line. The central portion of the valve in the upper half is slightly ex-
cavated. The description of the interior of this valve has been mainly
drawn up from an excellent natural internal mold.

“The surface of both valves is ornamented with moderately conspicu-
ous radiating and concentric lines, the latter irregularly grouped, and
covering the whole a fine papillose network, the points of which are ar-
ranged in concentricseries, those of one seriesalternating with those of the
next, and so on, as first pointed out by Professor Hall in his description of
the dorsal valve. (Pal. N. Y., vol. i, p. 290, pl. 79, fig. 9.) The effect
of this style of ornamentation is very beautiful, and when, as is usually
the case, the shells have a dark, polished aspect, with a setting of light-
colored limestone, few handsomer fossil objects can be named. The
shell is thick and of a finely lamellar structure. The usual length of
the ventral valve is about three and one-half lines.”

To Mr. Ford’s description we may add that the interior of the shell
shows rather large puncte or small pits, as in the type of the genus
Lingulella Davisii. There is ulso considerable variation in the strength
and characterof the papillose surface. Insomesmallshells it is very difli-
cult to detect it at all, aud in others the arrangement of the papillze is 80
broken by the fine, wavy concentric lines and stronger, radiating, undu-
lating lines that the surface appears more like that of some species of
the genus Kutorgina than that of the typical species of Lingulella.
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Formation and locality.—Middle Cambrian, Georgia Formation. Con-
Jomerate limestone on the ridge east of the city of Troy, N. Y.; also,
gne mile south of Schodack Landing, in Columbia County, New York.

LiINGULELLA ELrLA H. & W.
Plate vii, fig. 2; pl. viii, fig. 4, 4a-e.

lepis Ella Hall & Whitfield, 1877. Geol. Expl. Fortioth Par., vol. iv, p. 232, pl.

i, fig. 8. '

Original description.—*¢Shell below the medium size. Dorsal valve
subeircular or oblate, the width slightly exceeding the length; the beak
perceptibly projecting beyond tl'lc general contour of the shell, but very
obtuse and slightly truncate; sides and base rounded, the latter more
proadly curved. Surface of the valve depressed-convex, a little the
most prominent on the umbone; marked by fine, irregular, concentric
lines of growth on the upper part, becoming more strongly marked and
finally quite lamellose toward the margin of the valve. A fow very
indistinet, radiating lines may be seen near the beak by the aid of
a strong magnifier. Ventral valve unknown. Shell-substance phos-
phatic.

“There may be some doubt as to the true relations of this shell. The
broadly oblate form would be an objection to considering it as a true
Lingula, while the truncation of the beak of the dorsal valve would
accord more nearly with what is known of some forms of Lingulepis.
It is possible it may prove to be Lingulella, but in the absence of the
ventral valve it cannot be satisfactorily determined. 1t diffors from
most known species very perceptibly in the oblate form of the valve.

“ Formation and locality.—In greenish avgillaceons shales of the age of
the Quebee group, in the caiion above Call's IFort, north of Box Elder
Caflon, Wasatch Range, Utah. Collected by S. I'. Emmous, esq.”

. The reference of the species to the Quebec Formation is incorrect, as
1t occurs with a characteristic Middle Cambrian fauna, 2,000 feet below
the Potsdam borizon of the Upper Cambrian.

More perfect, specimens of the dorsal valve show the surface charac-
ters, and also show that the beak is slightly more projecting.

The ventral valve is longer than wide; angle formed by the cardinal
slopes about, 650 in uncompressed specimens and 90° to 1200 in flat-
tened, compressed specimens; sides arching to the broadly rounded
frontal margin ; area flattened, rather broad, and with a narrow median
Broove. The cast of an interior of a dorsal? valve from the Oquirrh

tange shows two long lateral scars gradually diverging from near the
b‘.‘fﬂk, also a central median depression with two posterior adductor
z‘{-}::, and the anterior adductor scars near the terminus. The system
cmuzl‘ﬂ, 80 far as preserved, is much like th-e dorfsal valve of Obolella
Unite. (See pl. x, fig. le. Compare also with Ll.ngula, Monographs
d States Geological Survey, vol. viii, plate xxi, figs. 18-20.)
Bull, 30— 7 (823)
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Surface marked Ly fine concent ric lines of growth, and on some shel]
fine radiating lines are seen near the beak ; when the surface ig eut}r:
a secondary system of ornamentation is seen .as very fine concenty,
strize, broken by very short undulations that give almost a Teticulateg

surface. .
The Wasatch specimens show valves 2™™ to 9™™ in length, Thosge

from near Pioche are more compressed and appear more qua,(lrangula,r
and broader than the Wasatch forms, except in the small shells, whig,
are very much alike. When the dorsal valves are compressed lon gitug.
inally, the cardinal line is straightened and the concentric stria are
depressed, so that the shell might readily be taken for a species of Ky,.
torgina.

Figures 4b and 4¢, pl. viii, are drawn from casts of the interior of the
two valves as they occur in the shales of the Highland Range and at
the Chisholm mine, near Pjoche. Figure 4d shows the relative propor.
tions of the valves to each other when flattened in the shale.

Formation and localities.—NMiddle Cambrian. Box Elder Cafion, above
Call’s Fort; Big Cottonwood Cafion, one mile below Argenta, Wasatch
Mountains; East Cafion, above Ophir Oity, Oquirrh Mountains, Utah,
in dark silicious argillites; also, in the pinkish argillaceous shale at the
Chisholm mine, southwest face of the Ely Mountains, near Pioche,

~

Nevada,
Genus ACROTRETA Kutorga.

Acrotreta Kutorga, 1848, Verhandl. der russisch. kais. min. Gesellsch., St. Peters-
burg, 1847, p. 275. Type A. subconica, same report, p. 275, pl. vii, figs. Ta-c.

ACROIRETA GEMMA Billings.

Plate viii, figs. 1, 1a, b,

Acrotreta gemma Billings, 1865. Palcozoic fossils,'vol. i, p. 216, figs. 201a-f.

derotreta subconica and 4. Attenuata Mecek, 1873, Sixth Ann, Rep. U. S. Geol. Surv.
Terr., p. 463,

dcerotreta pyxidicula White, 1874. Geog. and Geol. Expl. and Surv. West 100th Merid.,
Rep. Invert. Foss., p. 95 vol. iv, pt. 1, p. 53, pl. iii, figs. 3a—d, 1875.

Acrotreta gemma Walcott, 1884,  Mongraphs U. S. Geol, Survey, vol, viii, Pal. Eureka
district, p. 17, pl. i, figs. 1, 10, 14, 1/; pl.ix, figs. 9, 9a.

Original description.—“Shell very small, about 1 line in diameter;
one valve nearly flat and the other acutely conical. Dorsal valve very
gently convex, nearly circular; sides and front margin uniformly
rounded ; posterior margin very obtusely angulated at the Leak, on
each side of which a portion of the cardinal edge, equal to onc-fourth of
the whole width of the shell, is nearly straight; umbo very small; beak
apparently depressed to the hinge line and not projeeting beyond it;
cardinal angles compressed, broadly rounded ; a wide, shallow, mesial
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;;imls extends fr?m the front margin about half way to the beak ; else-
where the valve 1s gently convex or uearly flat.

«Ventral valve acutely conical, with a flat triangular area which is
pel.pendicular to the plane of the lateral margin, its base half the width
of the whole sh‘ell. In the.a.pex of 'this v-alve there is a minute cirenlar
aperture, and in one s?ecxmen a dark line extends from it down the
middle of the area, which appears to represent the foraminal groove
of this genus; but in two other specimens of the ventral valve, with
the area well preserved, there is no indication of a groove. Surface
with very fine concentric strie.

« Width of dorsal valve, about one line: length, about e¢ight-ninths
of a line. The height of the ventral valve is about oune line.

«The form of this species is very like that of A. subconica (Kutorga),
but that species is twice the size of this and has the area distinetly
grooved.”

The groove on the area, of which Mr. Billings speaks, is variable; in
some specimens it can be scarcely determined and in others it is quite
distinet. As far as the size is concerned, we have specimens from 2mm
in diameter up to 5@®. The variation in the height of the ventral valve
is also considerable.

The relations of the species to Acrotreta subconica Kutorga (Uber die
Brachiopoden-Familie der Siphonotretae®. Verhandl. der russisch.
kais. min. Gesellschaft, 1848, p. 275, pl. vii, figs. Ta—c) ave strong, and,
except the greater elevation of the ventral valve, there are no marked
differences. 'Without a direct comparison of specimens, I do not think
it best to identify the American form with the Russian, although, from
its having such a great geologic range, it was probably widely distrib-
uted in the Cambrian seas.

In the Paleontology of the Eureka District, pages 17 and 18, I have
given the range of this species as then known. We now have to add
that it occurs at a horizon 4,000 feet below the lowest horizon there
and is associated with species of Olenellus just above the great series
of Cambrian quartzites. The shell is more robust and larger than the
average specimens of the Upper Cambrian, but specimens from the
Upper Cambrian beds on the Gallatin River are nearly as large, and the
form of the exterior of the valves and their interior muscular markings
are essentially the same; the differences are so slight that I do not hesi-
tate to place them under oune species. More favorable conditions of
llabitat and food would produce-the variation in size; also, the change
lixble to occur in a species living through so long a period of time as
the accumnlation of 3,000 feet of limestone would require.

Uti'-[s;!le associated species are Kutorgina pannula, Acrothele subsidua, Or-

F”“ 5. %, and trilobitic remains. .

limet;rtmat-z?n and locality.—Middle Cambrian. East side of anticlinal, in
one'just above quartzite, Pioche, Nevada.

(825)



http://www.geology.19thcenturyscience.org/books/1886-Walcott-CambrianFaunas/README.htm
100 CAMBRIAN FAUNAS OF NORTH AMERICA, (suLy, 3

Genus IPHIDEA Billings.
Iphidea Billings, 1874. Can, Nat.,new ser., vol. vi, p. 477,

IPHIDEA BELLA Billings.
Plate vii, fig. 4.

Iphidea bella Billings, 1872. Can. Nat., new ser., vol. vi,p. 477. Idem,1874. Pal. Fogq
vol. ii, pt. 1, p. 76.

The descriptions of the genus Iphidea and the type species I, bellq
were united in the following:

Original deseription.—+ Of this genus we have no specimens showing
the internal structure, but the external characters seewn sufficient to sep.
arate it from any described generic group. The ventral ? valve of I,
bella is conical, strongly elevated at the beak, hinge-line nearly straight,
posterior angles narrowly rounded, sides and front nearly uniformly
rounded, forming rather more than a semicircle. Posterior side with a
large false area and a convex pseudo-deltidium, the width of which at
the hinge-line is nearly one-third the whole width of the shell. The
dorsal valve is semicircular, moderately convex, most elevated at the
beak. The hinge-line appears to be straight. The form and structure
of the posterior side (such as the area, foramen, deltidium, &ec.) cannot
be made out from the specimen, owing to-its imperfection. The surface
is covered with fine concentric strise, which in the ventral ¥ valve are
continued around on the area. Of these strie there appear to be from
fifteen to twenty in the width of one line, their size varying somewhat
in different parts of the specimen. There are also a few obscure radi-
ating strie. Width of ventral valve, seven lines; length, five lines;
height, two lines. '

“In the specimen above figured there is an aperture in the beak, but
in another there is no appearance whatever of a perforation. This
genus resembles Acrotrefa, but differs therefrom in having a large con-
vex deltidium. It seems to be also closely allied to Kutorgina. The
shell which I have described under the name of Qbolus Labradoricus
belongs to this genus.

“I. bella was found by T. G. Weston, in a bowlder of limestone asso-
ciated with numerous fragmentary trilobites, of primordial age, near
Trois Pistoles, below Quebec. A closely-allied species of the same
genus occurs in the primordial limestone at Topsail Head, Conception
Bay, Newfoundland.” '

As will be seen by my reference of Qbolus Labradoricus to Kutorgina,
I do not agree with Mr. Billings in his reference of that species to
iphidea. There does not appear to be much resemblance between the
two when a series of the specimens are compared. ,

V?'hen studying the brachiopoda of the Upper Cambrian (Potsdam)

horizon the genus will be more fully degeribed, as we have very perfect
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speciwens of a ?peci(‘? from .the Tonto formation of Arizona that ap
pear to be identical with Iphidea ornatella, described by Dr. G. Linnars.
son, from the Cambrian of Sweden. '

Formasion and localities—Middle Cambrian. Besides the localities
mentioned above, Iphidea bella occurs in the limestone of L’Anse au
Loup, on the straiks of Belle Isle, but its presence in Vermont, New
York, or Nevada has not yet been recorded to my knowledge.

Genus KUTORGINA Billings.

Kutorgina Billings, 1861. Pamphlet; and Geology of Vermont, vol. ii, p. 918, foot-
note. JIdem, 1865. Pal. Foss., vol. i, p. 9.

Kutorgina Davidson, 1871. Mon. Brit. Foss. Brach., vol. iii, p. 342.

Mr. Billings proposed the genus Kutorgina in a foot-note accompany-
ing the description of the type species K. cingulata. He says: ‘“Since
the above was written I have examined many casts of the interior of
this species, and am inclined to the opinion that it is generically dis-
tinct from Obolella chromatica. From the very considerable elevation
of the beak the dorsal valve must have an area and probably a foramen.
In one specimen there are two large oval impressions faintly impressed,
but still distinctly visible. There is no trace of the lateral scars; and
the form, notwithstanding the characters of the surface, conveys the
idea of an Orthisina. Should, upon further examination, my suspicions
turn out to be well founded, I shall call the genus KUTORGINA, after the
celebrated European naturalist, Kutorga.”

The species now referred to the genus are:

Kutorgina sculptilis Meek :
B Whiteldi Waleott, } Upper Oambrian.
cingulata Billings,
Labradorica Billings, | yr-q41e Cambrian.

pannula White,
Prospectensis Walcott,

From the character presented by these the following generic diagnosis
is drawn: -

Shell inequivalve, transverse, or elongated; hinge-line extended nearly
to the width of the shell.

I-Jarger or ventral valve convex, elevated at the beak, which is straight
or incurved, with or without a mesial sinus; area narrow, or without a.
true area; when present it is divided by a wide, open fissure. Smaller
or dorsal valve flat or slightly convex, beak marginal.

The areas of both the ventral and the dorsal valves of the species
Which we have showing them'are very narrow and the fissure between
them broad and relatively large. A number of thin longitudinal sec-
tions, cut so as to cross the beak and also out on the cardinal edges, fail
to show any covering to the fissure, and the area appears to be little
more than the reflexed shell, as the lines of growth of the valve extend
Over and upon i, o
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Exterior of valves marked by concentric stri® or lines of Zrowy
that terminate on the cardinal edges of the valves, as in K, cingu(m;
nearly smooth and shiny, as in K. Labradorica ; like that of T?‘emazf;
K. pannula, or Lingulella, K. sculptilis. )

The interiors of the valves of the only species that we have showiy,
the interiors, L. cingulata, have numerous radiating strie extemling
from the beak outward toward the margins of the shell.

In the interior of the ventral valve four pairs of scars extend fygy,
the beak forward, as shown in fig. 14, pl. ix.

The interior of the dorsal valve is divided midway by & narrow mesiy)
ridge that separates two pairs of scars (adductors?); the anterior paj,
small.

Shell structure calcareous (K. cingulata, K. Whitfieldi), or horny (K.

Labradorica, K. sculptilis).

KUTORGINA CINGULATA Billings.
Plate ix, figs. 1, 1a-h.

Obolella cingulata Billings, 1861. Pamphlet ; Geology of Vermont, vol. ii, p. 948, figs.
347 and 349, JIdem, 1863. Geol. Canada, p. 284, figs. 287q, b.
Obolella ( Kutorgina) cingulate Billings, 1865. Pal. Foss., vol. i, p. 8, figs. 8, 10.
Obolella (3) Phillipsi Davidson, 1866. Mon. Brit. Ioss. Brach., vol. iii, p. 62, pl. iv.
figs. 17-19.
Kutorgina cingulata Davidson, 1868, Quart. Jour. Geol. Soc., vol. v, p. 312. Iden.
1871. Mon. Brit. Foss. Brach., vol. iii, p. 342, pl. 4, fig. 25.
Kutorgina cingulata var. pusilla, Linnarsson, 1876. Brach. Par. Beds of Sweden,
Bihang till k. Svensk.Vet.-Akad. Handl. Band 3,N:012, p. 25, pl. iv, figs. 53, 5.
Original description.—* Hinge-line straight, a little less than the
greatest width of the shell; sides straight or slightly convex for. about
one-half the length ; anterior angles obtusely rounded, front margin
either uniformly convex or with a small portion in the middle somewhat
straight. Greatest width a little in front of the middle. Ventral
valve strongly and uniformly convex, most tumid about the middle;
beak depressed below the greatest convexity of the shell; cardinal
edges straight or gently concave, diverging from the beak atan obtuse
angle; area unknown. Dorsal valve somewhat flat, most elevated at
the beak, in front of which, along the middle of the shell, there is @
wide, shallow coucavity extending to the front margin; on each side of
the beak, descending with a somewhat flat slope to the cardinal angles;
area unknown, apparently half the height of the ventral area and
nearly at right angles to the plane of the margin. Beak erect, obtusely
pointed, forming the most elevated part of the shell. Surface with
strong concentric sublamellose ridges, which do not converge to the
beak, but terminate on the cardinal edges, their course conforming to
the margin of the shell. Four or five ridges in the width of one line.
“Length of largest dorsal valve seen, six and one-half lines; greatest

(828) ¢



http://www.geology.19thcenturyscience.org/books/1886-Walcott-CambrianFaunas/README.htm

] MIDDLE CAMBRIAN FAUNA. 103
WALCOTT-

widthy eiéht lines. Length f)f‘large;st ventral _valve in a straight line
rom peak t,o front, seven lines; width, ‘ten lines. The proportional
Jength and w1d.th appear to vary'. The apical angle of' the ventral valve
also varies, being 1n SOME SPECIMENS much more _pointed at the beak
than in the one above figured. Specimens of all sizes oceur from three
lines in width upward.” .

Having obtained a large series of specimens from east of Swanton,
Vermont, the following observations are added to the above description:

Shell transversely to longitudinally oval; more or Jess plano-convex;
cardinal angles about 100°; hinge-line a trifle less than the greatest
width of the shell. Ventral valve convex; arching gently from the
frontal margin to the deepest part of the valve, it curves more abruptly
over to the slightly incurved, pointed beak; a mesial sinus of varying
strength occurs on many shells and in others it is euntirely absent; a
false area without a trace of an opening extends some distance beneath
the beak and out to the extremity of the hinge-line, where it narrows to a
little more than an inflected cardinal margin. Dorsal valve transverse,
depressed, rising to the highest point at the beak, which is elevated,
but not incurved, over the hinge:line; in some examples the valve is
unusually flat, with a low, round, pointed beak rising at the center
of the cardinal line; in others the beak is more elevated, the body of
the valve sloping up towards it. Shell structure calearcous. Surface
marked by concentric striee and undulations of growth that give the
older shells a rough appearance.

The muscular impressions of the ventral valve are preserved as dark,
narrow, elongate scars, two each side of the median line and two near
the lateral margins; the central pair (tig. 1, pl. ix) appear to diverge
from a single scar extending forward from near the beak; the next pair
are broader and longer and much like the two lateral pairs.  Numerous
strize, about .5mm apart, radiate from the vicinity of the beak forward
and laterally to the margius of the shell.

The scars of the interior of the dorsal valve are better presorved than
those of the ventral; a short, central, elevated line extends about half-
way from the beak to the front margin, separating two large posterior
and two small anterior (adductor?) scars; the posterior scars have a
l?w ridge bounding them, outside of which numerous strong lateral
Sinuses radiate out a short distance; the radiating lines observed on the
cast of the ventral valve also occur on casts of the dorsal valve. Iam
n.ot, .sure but that Mr. Billingy’s fig. 348 (Geol. Vermont, vol. ii, p. 948) is
Similar to the compressed specimens of the ventral valve from Parker’s
uarry. TFigures 1g, 1k, plate ix, are taken from two compressed ven-
tral valves from the arenaceo-argillaceous shales at the Parker quarry.
But for the fact that we have specimens showing forms between figures
1_“= 1, and 1g, 1k, the tendency would be to separate the latter as a dis-
:mct Species, as the outline of the valve is lost and the surface charac.

®rS are largely obliterated.
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The scars of the ventral valve appear much like those of the Ventry
valve of Lingula Feistmanteli Barrande (Syst. Sil. de Bohéme, vo), v, pl.
106, ITI, 1A), and what is seen of the muscular impressions of the dOrsai
valve recalls the adductor scar of the Lingulide more than those of the
Obolidee. Until moreis known of the interior of the valves it is haaard0us
to make comparisons, for, in the case of the Lingula figured by Barrang,
he found later, and figured on plate 110, quite a change in the scarg a;
compared with those shown on plate 106.

In Sweden, K. cingulata is associated with Paradoxides Forchammey;
and Agnostus levigatus. The English specimens are found in the Middle
and Upper Lingula flags and Lower Tremadoc. In America, as far g
known, it is confined to the Middle Cambrian or Olenellus zone.

Kutorgina Prospectensis differs from K. cingulata in having regularly.
rounded surface stri®, and also in the more narrow form.of the valveg,

Formation and localities.—Middle Cambrian, Georgia Formation. My,
Billings described the species from I’Anse au Loup, Labrador, It is
abundant in the lenticular mass of limestone intercalated in argillaceous
shales carrying Olenellus Thompsoni, on the Bullard farm, about two
miles east of Swanton, Vermont. In the form of compressed casts it
occurs at Parker’s quarry, town of Georgia, Vermont. It is also identi-
fied from the Malvern Hills of England, the island of Bornholmn, and
from Sweden.

This, or a closely allied species, occurs at the same geologic horizon,
on Silver Peak, Western Nevada, longitude 117° 20’ W., latitude 38° N.

KUTORGINA LABRADORICA Billings (sp.).
Plate ix, figs. 2, 2a, b.

Obolus Labradoricus Billings, 1861. Pamphlet; Geology of Vermont, vol. ii, p.
946, fig. 345. Idem, 1863. Geol. Canada, p. 248, fig. 291. Idem, 1865. Pal.
Foss,, vol. i, p. 6, fig. 6.

Original description.—* Dorsal valve subcircular, the hinge-line
straight and equal to about three-fourths the width of the shell ; rather
strongly and uniformly convex, most prominent at one-fourth the
length from the beak, the latter small, neatly pointed, scarcely distinct.
from the cardinal edge. Surface with fine concentric striee, which con-
verge slightly on approaching the cardinal edge, 15 to 20 in one line,
and also with a few coarser concentric undulations of growth, the whole
crossed by minute radiating stris just visible to the naked eye. The
shell is black and friable like that of a Lingula. Length, 53 lines;
width, about 6 lines.

“Ventral valve unknown.”
. This species occurs in great abundance, associated with K, cingulata,
1n 2 hard gray limestone east of Swanton, Vermont.

I add to the original description the following :

The ventral valve elevated, with the apex rising slightly above the
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Jane oi‘ the large triangular area; the surface of the area is unknown,
<cept @ DATTOW reﬂecteé} margin.
8 The dorsal valve is slightly elevated at the beak, more transverse
than the ventral, and with a narrower area.

Surface similar to that described by Mr. Billings. ,

Unfortunately none of the specimens shows the two valves united and
the areas of the valves are n_ot preserved. Irom their non-preserva-
tion in this species and also in all the? known species of the genus the
presumption is that the greater portion of the arca was open or else
covered by a thin film of shell that is not preserved. There is consid-
erable variation in the relative length and breadth of different shells
and in the height of the ventral valve.

An examination of the type specimen of Qbolus Labradoricus, in the
collection of the Geological Survey of Canada, led to the identification
of the Vermont specimens as the same species and the generic reference
was changed to Kutorgina.

Formation and localities.—Middle Cambrian, Georgia Formation. In
a lenticular mass of limestone intercalated in argillaceous shales carry-
ing Olenellus Thompsoni, on the Bullard farm, about two miles east of
Swanton; also, about two miles east of Highgate Springs, Franklin
County, Vermont, and Mr. Billings describes it from limestone at I’ Anse
au Loup, Labrador.

KUTORGINA PANNULA White. (sp.)

Plate vii, figs. 3, 3a, pl. viii, figs. 2, 2a-c.
Trematis? pannulus White, 1574, Geog. and Geol. Expl. and Surv. Weat 100th Merid.;
Prelim. Rep. Invert. Foss., p. 6. [Idem, 1875. Samo report, vol. iv, pt. 1, 36,
pl. i, figs. 4a, b.

Original description.—‘“Associated with Olenellus Gilberti Meek, a
single imperfect specimen of Trematis has been discovered, which, al-
though consisting only of a single valve, possesses such characteristic
surface-markings as to indicate its specific separation from all other
known forms of the genus.

“The diameter of the specimen is about three millimeters; outline
dpparently subcircular or a little broader than long; apex moderately
Prominent and situated near the posterior margin. Surface marked by
A very fine net-work of oblique raised lines, dividing it up into minute,
four-sided, pore.like pits, which canse it to resemble, under the lens,
th? texture of finely-woven cloth.
ktt:ttllnu?{;' character of its surface-m:}rkings this sp_ecies f’s nfaarly re-
SHEER oF . 1133;??-%1“‘; SO\}'erby, sp., as figured by Davx(lsonTz]‘ :’ns Mo.uo-
howevel‘, l'eaél:zssl a,| OSSIIh 1131‘51: l)lO[-JOdﬂ-{q g vnix 1110-&:1-& thc&snfa{)l(lac[l)?:s’
that i iy ‘ muc arger s'.zejt ?.n ou? shell, 3 ey »
ours, ¥ mark its surface are six-sided, instead of four-sided as in
the pits ae surfacc_ of T siluriana I)avulson,_ anottfer allied species, hag

Iranged in radiating instead of oblique lines.”
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The type specimen is & fragment appa,rc?utly of the ventra] valye

. The author’s generic reference depended entirely upon the surface ﬁhar:
acters and was necessarily provisional. Iknow of another specieg Wity
a nearly similar surface, from ‘the Tonto Group (= Potsdam) of At

sona. The type is not otherwise known from the Cambrian System, ¢,

my knowledge. )

The writer in 1883 visited the locality from which the type Specime,
was collected and found a number of well-preserved ventral and dorgy)
valves. The ventral valve is elevated at the beak and projects bagy
over the area, which is divided by a broad fissure; the area is a little
more than the reflexed margin of the shell. Dorsal valve deDressed;
beak marginal on a nearly straight hinge line. ‘

As stated Dy its author, the surface of this shell is similar to that of
several species of Trematis. [t cannot now be referred to that genus,
as the form of the valves is that of Kutorgina. We now have species
of Kutorgina with surface characters like those of Lingula, K. Labra.
dorica; of Lingulella, IT. sculptilis ; of Trematis, K. pannula ; of Obo.
lella, I(. cingulata. ;

Formation and locality.—Middle Cambrian, Pioche, Nevada, one mile
below Argenta, in Big Cottonwood Caiion, Wasatch Mountains, Utal,

KUTORGINA PROSPECTENSIS Walcott.
Plate ix, figs. 3, 3a.
Kutorgina Prospeetensis Walcott, 1284, Monographs U. 8. Geol. Survey, vol. viii,
Pal. Eurcka District, p. 19, pl. ix, figs. 1, 1a, b.

Original description.—* Shell rather small for a species of the genus.
It is thick and black, like a linguloid shell.

“Ventral valve elevated, with the apex projecting over the triangular
area and extending counsiderably heyond the posterior margin. Owing
to the exfoliation of the shell the extremity of the apex is unknown;
the surface of the area is also unknown. Ventral valve depressed,
slightly convex, without a mesial sinus; marginal outline subcircular,
with the posterior margin obtusely angular at the beak ; the beak is
slightly depressed below the highest point of the shell, and apparently
projects a trifie beyond the cardinal edge. Surface marked by strongly-
defined, fine concentric striw, ten in a distance of one millimeter, where
they terminate on the posterior margin.

“The dorsal valve of this species is much like that of Iphidea Labra:
doricus Billings, but does not appear to come within the limijts of that
genus as defined by the type species.” .

A few more specimens have been collected since the original descri]”
tion was written, but none of them shows the interior of either valve of
other characters not shown in the types. The stron g, concentric stri®
and thick shell separate the species from all others of the genus known
to me except K. cingulata, from which it differs in having a regularly
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sonvex dorsal va-lve, a'nd the surface covered with more uniform, equi-
distant, coucent:_'lc stn?e. ' .

Formation, and Iocaleiy.—Mld{'lle Camb_mm. In an arenaceous shale
resting onl the PrQSpect Mountain quartzite, summit of Prospect Mount-
ain, Tiureka District, _N evada, .

The associated fossils are Olenellus Howelli, 0. Gilberti y 0. Iddingsi,and
Anomocare ? parvum.

Genus ACROTHELE Linnarsson.

Aerothele Linnarsson, 1876. DBrach. _Pa-r.. Beds of Sweilden, Biliaug tillte k. Svensk.
Vet.-Akad. Handl. Bd. 3, N:o 12, p. 20,

Original description.—¢*Shell corneous, composed of several laminee,
the inner smooth and polished, the outermost one rough and opaque,
Ventral valve slightly conical, with excentric umbone, picrced by a
minute foramen, in front of which there are, at least in one species, two
small wart-like protuberances; the field between the umbone and the
posterior margin is usually a little flattened, thus forming a slight indi-
cation of a false area. Dorsal valve with marginal umbone, consisting
of two wart like protuberances. In the interior of the dorsal valve
there are two oblong, diverging muscular scars close to the posterior
margin, and two small, rounded scars near the middle. The muscular
scars are separated by a longitudinal ridge.”

Mr. Linnarsson considered Obolella and Acrotreta as probably the
most nearly related genera to Acrothele.

IFrom our present knowledge of the genus Obolelia I think it best not
to group Acrothele with it. The genera Acrothele, Schizambon (Mon-
ographs United States Geological Survey, vol. viii, p. 69), Acrotreta
have a perforated ventral valve that is more elevated than the dorsal.
The muscular impressions vary. materially, but not sufliciently to pre-
vent the genera mentioned from being grouped together. The genus
Linnarssonia has a perforate ventral valve, but it differs in the struct-
ure of the shell and the character of the muscular impressions.

The species now referred to the genus are:

Acrothele coriacea Linnarsson.
granulatae Linnarsson.
subsidua White.
Bohemica Barrande.
2‘3?“:;:?? IBq{:)eam".mrs Barrande (Syst. Sil. Bohéme, vol. v, p. 102, pl
Acrozkc?cs.1fa-; <@, t}(t-). o . . r'
" ﬁ':s itttewt, Hartt (sp.) (U. S. Geol. Survey, Bull. No. 10, p. 15,
Acréth:le' ?’df:?Zc.Jt Wale I aphs United States Geological
vy, vol. oo oma Wa (,Oi:'.t( ?onogm_p‘ § Unitec o fg o
; g’eu - VL, p. 14, pla,t(? ix, 11;;.'11) is quite as properly reierr
the Gamb;;s Acrotreta, Omitting this, a1l the known species are from
, an or firgt fauna,
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There is a striking similarity in all the sf».pe(:le..% s-o,t d.esm*nbea, and
comparison of specimens appears necessary to distinguish Detweey 1
Bohe}n.ica-, A. coriacea, and A. Matthewi, and A. granulata ang A, w"

sidua. )
ACROTHELE SUBSIDUA White.

Plate ix, figs. 4,4a-c.

Acroireta? subsidua White, 1874. Geog. and Geol. Expl, and Surv, West 100th Merig, .
Prelim. Rep. Invert. Foss., p.6. Idem, 1875. Samo report, vol. iv, pt.1, . 34
pl. i, tigs. 3a-d. !

Acrothele subsidua White, 1880, Proc. U. 8. Nat. Museum, vol. iii, p. 47,

Original description.—<Shell thin, corneous, discoid, subeircular o
somewhat suboval in outline, the transverse diameter being a trifie
greaterthan the longitudinal; sides regularly and front broadlyrouuded;
posterior margin slightly straightened, forming a comparatively short,
slightly econvex, or nearly straight hinge-line.

«Dorsal valve flattened ; beak marginal or nearly so, not prominent;
interior surface having a slightly elevated median ridge, beginning be-
neath the beak and extending to about the middle of the valve, where
it disappears.

“The condition of all the specimens of this species which the collec-
tions contain is such that the muscular impressions are not distinctly
shown, but those of the posterior adductors appear to be small and
placed nearly beneath the beak, one on each side of the median ridge
Jjust mentioned; between these muscular impressions and the posterior
margin there is at each side an obscure diverging ridge or fold, which
seems to blend with the postero-lateral margin.

“Ventral valve moderately convex in the umbonal region, but more
flattened anteriorly and laterally; beak eccentric, somewhat prominent,
and minutely perforate. Some of the specimens show what appear to
be small adductor impressions placed iu the apex, close to the foramen,
one at each side of it. One specimen shows a slight flattening of the
Space upon the outer surface, between the apex and the hinge, produc-
Ing the appearance there of an indistinctly-defined cardinal area.

“The inner surface of both valves of all the specimens of this species
S:Ontained in the collections has been more or less exfoliated by weather-
Ing, whereby some of the principal characters have been obscured. Con:
sequently, the foregoing description is not only incomplete, but it is
probable that the discovery of more perfect specimens may show the
necessity for modifying it. The cast of a single valve found associated
}nth th?se used in this description, showing large and distinct muscular
lmpressions, already suggests such a modification; but its characters
are not embodied in the description, because that specimen is not cer
tainly known to belong to the species. The specimen referred to i8
Hustrated by figure 3d, plate i. The other specimens all show fine

(834)
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.ting lines in the structure of the shell, and also concentric laminz
radia wth. They are all compressed in dark shale, and show ouly the
of gr0 5 S‘;rfaces of the valves, none showing the external surface. The
interiois supposed to be lamellose or otherwise so roughened as to have
mr,terd it to adhere to the shale, while the smooth interior surface has
cauz?ly separated in the plane of fission.”
reaT h]e outer surface of this species is minutely papillose, the papille
being arranged in a rough, quincunxial order. or irregularly crowded
together along the spaces between the concentric lines of growth. This
Su;face was found on specimens from the typical locality at Antelope
Springs, and also on others from Pioche, Nevada.

Acrothele granulata Linnarsson is a very closely related species, and
it is difficult to give specific differences between them on a comparison
of the ventral valves, which is all that has been found of the Swedish
species. .

Acrothele Matthewi Hartt (see United States Geological Survey, Bul-
Jetin No. 10, p. 15) is very much like A. subsidua. Like A. subsidua,
the outer granulated surface is rarely seen, as it clings to the matrix,
taking a thin coating of shell with it.

Formation and localities.— Middle Cambrian. Caleareous shale at
Antclope Springs, Utah, in association with Ptychoparia Kingi, Asaphis-
cus Wheeleri, &e. At Pioche, Nevada, itis in an argillaceous shale with
Olenellus Gilberti.

Genus OBOLELLA Billings.

Qlolella Billings, 1861, Geology of Vermout, vol. if, p. 946. Idem, 1865, Pal. Foss.
vol.1, p. 7. 1dem,1872. Can,Nat., new ser., vol, vi,p.217. Idem, 1872, Awmor,
Jour, Sci., 3d ser., vol. iii., p. 355. Idem, 1376. Same jou vol. xi, pp. 176-173,
Idem, Hall, 1863. Sixteenth Aun. Rep. N. Y. State Cab. Nat. Hist., p. 131, Idem,
Ford, 1881. Amer. Jour. Sci., 3d ser., vol. xxi, p. 131.

Dicellomus Hall, 1873. Twenty-third Rop, N. Y. State Cab. Nat. Hist.,p. 246, Type
0. crassa.,

Original description. ¢ Qeneric characters.—Shell ovate-circular or
Sub'quadra,te, convex or plano-convex. Ventral valve with a false area,
Which is sometimes minute and usually grooved fr the passage of the
pedm_u:le. Dorsal valve either with or without an area. Muscular im-
hressions in the ventral valve, four, one pair in front of the beak near
the middle, or in the upper half of the shell, and the others situated one
:1{ cach side near the cardinal edge. Shell calcareous; surface concen-

“f;:y striated, sometimes with thin extended lamellose ridges.

T ngeueml form these shells somewhat resemble Obolus, but the ar-

Sinte t:‘nt of the mus(?ular impressions {s'dllfel"ent. In Obolus the two

cmwergi;aﬂ‘: hava their smaller extremities directed downwards, and

Xactly thg owards each other, but in this genus the arrangement is

6 reverse.”

T}'pe, Obolellg chromatica.

%er, 1872, Mr. Billings redefined the genus; in 1876 he more fully
(833)
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described the type specics, acoompamying it with figures, two of whig
we reproduce, together with the description.

Pl |

A

Fig. 9. Fig- 10.
F16. 9.—Diagram showing the position of the scars of the ventral valve of O. chromatieq,
Fia. 10.—Diagram showing the position of the scars of the dorsal valves (after Billings),

“ Qeneric characters.— Shell unarticulated, ovate or snb-orbicula,f, len.
ticular, smooth, concentrically or radiately striated, sometimes retic.
ulated by both radiate and concentrie striee.  Ventral valve with g solid
beak and a small more or less distinctly grooved area. In the interigp
of the ventral valve there are two elongated sublinear or petaloid muys.
cular impressions, which extend from near the hinge line forward, some.
times to points in front of the mid-length of the shell. These are either
straight or curved, parallel with each other or diverging towards the
front. Between these, about the middle of the shell, is a pair of small
impressions, and close to the hinge line a third pair, likewise small,
and often indistinct. There is also, at least in some species, a small pit
near the hinge line, into which the groove of the area seems to termi
nate. Inthe dorsal valve there are six impressions corresponding to
those of the ventral valve, and sometimes an obscure rounded ridge
along the median line.

“If we compare the interior of the ventral valve of an Obolella with
that of Obolus Apollinis, we see that there are six muscular impressions
in each, but not arranged in the same manner. The two small scars aa
at the hinge line are most probably the same in both genera. The two
lateral scars bb of Obolus have no homologue in Obolella, unless they be
represented by the two large ones, dd. Should this be the case, how-
ever, the great difference in their position would no doubt be of generic
value. I think it more probable that the large scars dd of Qbolella rep-
resent the central pajr cc of Obolus. Again, Eichwald says that in the
interior of the ventral valve of O. Apollinis there is a longitudinal sep-
tun (shown in the above fig. at s), which separates the two adductors,
cc, and extends to the cardinal groove (I suppose he means the groove
g on the area). No such septum occurs in any species of Qbollela. I
have not seen any description of the dorsal valve of the O. Apollinis
sufficiently perfect to afford a means of comparison with that of Obolella,
but the differences in the ventral valve alone are so great that the two
genera can scarcely be identical. They are, however, closely related,
and occur in nearly the same geological horizon.”

In the rocks below Quebec and at the Straits of Belle Isle, we find
the following species of Obolella :

L. “0. desquamata Hall = Avicula? desquamatg, Pal. N, Y., vol. i, p. 292, pl. 80, fig: 2
Occurs at Troy, New York.
(836)
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g, 0. crassa Hall = Orbicula ¥ crassa, op. ‘cit., p- 299, pl. 79, fig. 8. Occurs at Troy.
g, 0. calata Halls-: Orbicula celala, op. ¢cit., p. 290, pl. 79, fig. 9. Occurs at Troy.
g, O gc‘mma‘ n's :

:: ﬁ g :i‘:;f:a::;a Ei]lingﬂ has been found as yet only at the Straits of Belle Isle,”

Of the species enume.rat;ed above, 0. desquamata has been united with
0. crassa and 0. cwlata is referred to the genus Lingulella by Mr. Ford.

'oboleila desiderata Billings (Pal, Foss., vol. i, p. 69) is not a true
Obolella, but & form that with Oboleua,l ? ambigua Walcott (Monographs
U. S. Geol. Survey, vol. viii, Pal, Eureka Dist., p. 67, pl. i, figs. 2a—c)
will form a new genus or subgenus of the Obolide. Both species occur
at the same relative geologic horizon at the base of the Lower Silurian
(Urdoviciall) or Calciferous Group of the New York State scetion.

Obolella pretiosa Billings (Pal. Foss.,vol. i, p. 68) is more closely related
to the genus Acrothele than to Obolella, and, with the type specimens
pefore me, I cannot make a generic reference that is at ull satisfactory.
We must await the discovery of specimens showing the interior of the
shell.

Obolella Ida Billings (Pal, Foss., vol. i, p. 71) is very doubtfully re-
farred to Obolella. Like 0. pretiosa it will require better material for
stady before a satisfactory generic reference can be made of it.

Obolella polita Hall (sp.) (Sixteenth Ann. Rep. N. Y. State Cab. Nat.
Uist., p. 133, pl. vi, figs. 17-21). This species departs further from the
type O. chromatica in the size of the muscular scars than any of the
Middle Cambrian species, but their system of arrangement is essentially
the same as far as I have yet been able to determine.

Obolella Nana M. and H. (Pal. Upper Missouri, p. 4, pl. 1, figs. 3a~d).
The collections of the National Museum contain the types of this speoies
used by Meek and Hayden, and also a large series of Obolella polita from
various localities in Wisconsin. A comparison between the Black
Hills specimens on which 0. Nana was founded with the latter prove
them to be the same. TFigures 3¢, 3d of Meek and Hayden show the
nterior of the ventral valve, and figures 3a, 3b, the exterior of the dorsal
valve.  All the characters shown in the types of 0. Nana are well
sho.wn in specimens of 0. polita trom the Potsdam sandstone of Eau
Claire, Wisconsin.

]Qboreua discoidea H, and W. (Geol. Expl, Fortieth Par., vol. iv, p. 205,
PL, figs. 1, 2),  This species must remain doubtfully referred to the
i‘;i:}:& ilmlfil inter}ors of the valves are discovered. It recalls 0. ? Ida,

Obol:flf edded in a hard limestone matrix. )
” @ transversa Hartt = Linnarssonia transversa (Amer. Jour. Sci.,

SeT, vol. xxix, p. 115).

Obolelta miser Billings (Pal. Foss., vol. ii, p. 69). This species is re-

fi
ergeélr,t:ethe genus Linnarssonia by Mr. G. F. Matthew, in a letter to
Lter.

hen the detailed study of the Upper Cambrian fauna is taken up,
(837)
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the various species from that borizon will be studied and m“StPateq
and then we shall have data for a more extended and accurate compay;,
son of all the species belonging to the genus. .

OBOLELLA CHROMATICA Billings.

Plate xi, figs. 1, la, D.

Obolella chromatica Billings, 1861. Pampblet; Geology of Vermont, vol. ii, p, 94y
figs, 346a-d. Idem, 1863. Geology of Cavada, p. 284, figs. 288a~d. Tdem, 15(;5’:
Pal. Foss., vol. i, p. 7, figs. 7a=d. Idem, 1876. Amer. Jour. 8ci., 3d ser., vol, y;
p- 176, figs. 1, 2, 3; p.177, figs. 4a—d. Idem, Ford, 1S81. Amer. Jour, Sei., 34;
ser., vol. xxi, p. 133, figs. 3, 4. -

Original description.—“Broad oval, the rostral extremity obtusely
pointed, front broadly rounded, greatest width a little below the miq.
dle; both valves rather strongly and uniformly convex, most tumid at
about one-third the length from the beak. Ventral valve more acute
above than the dorsal, beak depressed below the greatest elevation of
the shell, slightly elevated above the margin, with a small area beneath

- it which is inclined backward at an angle which varies from 45° to 600,
Dorsal valve with an obtusely rounded umbo, the beak scarcely dis.
tinct from the cardinal edge and not elevated above the margin. Sur.
face, with fine concentric strie or small minutely rugose ridges of
growth, of a variable size, from four to eight in one line, often smooth
from exfoliation or wearing. Color of the shell in the reddish limestone
a honey-yellow, in gray limestone grayish; when exposed to the weather
becomes white and minutely fibrous.

“Length and breadth about three lines.

“In some specimens the ventral valve is depressed convex, the beak
being on a level with the greatest elevation of the shell. The shell is
thick and strong, and when well preserved breaks with a granular
fracture. When weathered a tendency to fibrous exfoliation is mani-
fested.

“This species is closely allied to the form that is found so abundantly
in the Troy limestone, but the muscular impressiops in that one are
rather closer together and nearer the beak. (At least they are so in
the specimens in my possession.)

“Many of the specimens are a little more obtuse in the upper half
than those figured. The individuals are exceedingly numerous and
differ little in size.”

In 1876 Mr. Billings added the following details of the interior of the
valves:

“\In the ventral valve there is a groove in the hinge line for the
passage of the pedicle. On each side of the grove there is a small,
somewhat deeply excavated, cardinal scar. In the cavity of the valve
there are two elongated scars, which extend from near the cardinal scars
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forward about two-thirds of the length of the shell.  These diverge from
oA

other, more or less, in their f'.xtunsiun forward, and are usually

ved, but sometimes nearly straight. They may be called laterals.
:_}[‘l:ey a;‘e, in general, separated from each other about one-third of the
idth of the slllel- A little above tlfe mid-length, and het\\'e(-n'the tw.o
Jaterals, there is & pair of small scars ar 'uflgetl t:-;‘um\'erscly, with their
iner extremities directed somewl.mt torward. The space above thes.;c
two SCATS, bet.wee-n the apper portion of the h.l.tcm‘.s, is :geuerally tul}ud
from the thickening of t.he.shell. In one of the specimens there is a
small pit in the center of this space.

« The dorsal valve has a small area, or nearly tlat lunge facet. The
minute beak is slightly incurved over the edge of the avea.  Beneath the
peak there is a small subangular ridge, on each side of which there is a
cardinal  scar.  The clongated scars; which seem to correspond to the
laterals of the ventral -alve, are here altogether in the upper half of
the shell.  They diverge widely in their extension forward.  They arve
in general very slightly impressed, and would, most. probably, escape
the observation of any one who did not expect to find scars where they
are situated.  In the eavity of the valve there is a low rounded median
ridge. which extends from a point near the hinge line forward a liitle
below themid-length of the valve.  Abontthe miditleoftheshell thereare
two smail scars. These are usually striated longitudinally.  The me-
dian ridge passes between them. The area is coavsely striated.

“The above are the principal characters of this species, and they are
subject to some variation, one of which is particularly worthy of notice.
The two small cardinal sears of the dorsal valve are sometimes elon-
gated laterally. This is carried to such an extent in another species
(0. gemma) that they not only extend the whole length of the hinge-line,
but are curved forward at their outer extremities and continued down
Into the cavity of the valve. In such eases they present an appearance
Similar to that of the groove beneath the hinge-dine of the genus Obo-
lelline. In other species of this genus the lateral scars of the dorsal
valve are sometimes counected together by their upper extremities,
But this is not a constant character. In different indivduals of the
sme species these scars are either connected or not.  The laterals are
also sometimes connected with the cardinals.”

Iluful ‘;i':l illt]erior of the v:'lorsal valve from L’Ansu. au Loup, How b(:i'ure
\‘ﬂ;\'c 'u:d L Ilat the cardinal 2 sears extend down -mto_ the cavity of lf‘lm
"5llgc’a:rp ‘{1 S0 that the central scars on the opposite sides of tI_nc me‘nlmn
valve iy (; xguted and have much the same form as those of the same
f'b#'mu.t;'..;n ::jn( am;' 0. gemma. . T —
Thomprons ' 1(. oca .zt:z;.——.Muldle Cam'br-mu, as.socld!;c W |1.1 bﬁilze b
T ho;-i“ otlle:' fossils characteristic of the }\Iuldle (,-alg rian ()Ii"
elle Tl ” zon. I2Anse an Loup, on the north side of the traits o
y Lanada.

Bull, 30—_g (839)
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OBOLELLA CRASSA Hall (sp.)
Plate x, figs. 1, la-f.

Orbicula ? erassa Hall, 1847,  Pal. N. Y., vol. i, p. 290, pl. Ixxix, fig. 8a.

Avicula? desquamata Hall, 1347, Pal. N. Y., vol. i, p. 292, pl. Ixxx, figs, 3a, b,

Obolella (Orbicula?) erassa Foud, 1371, Amer. Jour. Sei., 3d ser., vol. ii, p. 33,

Obolella erassa, O. desquamata Billings, 1871, Can. Nat., new ser., vol. vi, P28, Iq
1872, Amer. Jour. Sci., 3d ser., vol. iii, p. 356. em,

Dicellomus crassa Hall, 1373, Twenty-third Rep. N. Y. State Cab, Nat. His,
xiii, figs. 6-9.

Obolella erassa Ford, 1831,  Amer, Jour, 8ci., 3d ser., vol. xxi, p. 131, fi gs.1,2,

» D 2'";, I|]_

The original description of the species appears to be that of the ex.
terior of the ventral valve, and is as follows: “O\'atc-orbicul:u-, with
the apex near the narrow extremity; apex obtuse; surface markeqd by
strong concentric wrinkles and fine radiating strie. )

“These characters are preserved in the cast, a small portion only of

. the shell remaining upon the specimen.

“ Position and locality.—This species was found in the intercalated
calcarcous strata, among the shales of the Hudson River group, two
miles northeast of Troy.”

Mr. Billings, in 1861 (Geol. Vermont, vol. ii, p. 947), thought that
Avicula? desquamata Hall might Le referred to the genus, and in 1871
Mr. TFord referred Orbicula? crassa Hall to Obolella. TLater, in 1877
(Amer. Jour. Sci., 3d ser., vol. xv, p. 128), the latter observer placed
Avicwla? desquamata as a synonym of O. crassa, saying: “The species
known as Obolelle crassa ot the Troy beds may also be briefly noticed
in this connection. It includes the species already widely known under
the name of 0. desquamata, from the same locality, this latter, as may be
shown, having Leen founded upon the dorsal valve of the former. The
ventral valve is always more acutely pointed at the beak than the dor-
sal, but beyond this feature there is nothing, so far as I have been able
to discover, by which they may be distinguished from each other ex-
ternally. The surface of each, when perfect, is both radiately and con-
centrically striated. As a rule, however, the imbricating edges of the
successive layers of growth are the only markings visible.

“Of the interior of the ventral valve an excellent figure was given
by Mr. Billings (Amer. Jour. Sci., 3d ser., vol. iii, May, 1872, p. 333);
but the interior markings of the dorsal valve have nowhere, to my
knowledge, yet been accurately shown. The sears are nearly the same
with those of the dorsal valve of 0. chromatica, but the smaller pair
close to the beak are here, in the majority of cases, distinetly conneeted
with the larger pair directly beneath them; while the central pairy
instead of running parallel with cach other throughout, diverge at the
!:nid-length of the valve, and extend onward in slender falcate forms
Into the anterior fourth of the shell. Their parallel portions are, bow:

(840)
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ihe only parts usually seen, and it was only after collecting the
ecies for & number of years that I obtained evidence that what had
bime to Le looked upon as wholes were, in reality, only parts of much
(:nore extensive impressions.” ' .

The species was more fully deseribed by Mr. Ford, in 1881, under
Lemarks on the genus Obolella (Amer. Jour. Sei., 3d ser., vol. xxi, pp.
131, 132). )

«The shell of Obolella crassa is suborbicular, with the beak of either
yalve extending slightly beyond the peripheral contour. As a rule,
the beak of the dorsal valve is curved downward so as to almost touch
the short, indistinet hinge-line, while that of the ventral valve is less
depressed and slightly more projecting ; and these are the ouly features
by whiclt the two valves may be externally distinguished.  The majority
of the specimens of the ventral valve have an extremely shallow de-
pression running from the beak to the anterior margin along the median
line; but I have found that even this is not distinctive, inasmuch as
some of the dorsal valves exhibit it. The specimens in my possession
vary in length and breadth from 1} to 6 lines, the two diameters being
generally nearly equal.  The surface of both valves, when perfect, is
both radiately and goncentrically striated.  The shell is thick and solid,
showing no tendeney to break up into successive lamina on weathering,
I have had portions of it ground and polished for microscopic exam-
ination, but am unable to make out any definite structure,

“In the interior of the ventral valve there are two small, ovate mus-
cular scars, sittated close to the beak, one on cither side of the pedicle
groove; and immediately in advance of these a paiv of large, elongate,
curved scars, which sometimes extend forward into the anterior fourth
of shell.  Between these latter, and somewhat above the mid-length of
the valve, there ave two small subeireular impressions. Al of these
sears are, in well preserved specimens, deeply impressed, and, taken to-
gether, constitute a conspicuous and beautiful system.  There is usually
ultlist-inct ridge ranning along the middle of the large lateral impres-
sions, dividing them at bottom into two portions; and in some cases its
Wider upper portion is minutely pustulose. The rostral portion of the
Y‘alw:\, is often mueh thickened, the several sears bounding the levation,
1.|1(3 mterior surface of the forwavd portion of the valve is marked by
fine radiating strice.

ever,

“The dorsal valve possesses a small though distinet avea, which is
divided into gwo cqual portions by a feeble longitudinal ridge. The
Slender cardinal line is delicately notched in the middle, and has imme-
;llat(.ﬂy i'.‘ advance of it a deep transverse groove.!  On cither side of the
;;giuu,ﬂ;:s;?::i;fa ;'%-ferrml to, thereis a sr_null, <;va.te, ::a;rl(l'inall ml:;s:f::‘?ir
iy ars have t‘hen' apices directed downwarc and outward,
w cutting across the extremities of the cardinal line

' Fig. 2k in original.

(841)
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and limiting it. Directly in frout of the cardinals there are two large i
pressions of similar shape and direction, the laterg]s, which extenq g,
ward to the mid-length of the shell. These two pairs of imm‘ess;icms;;,,.,e
frequently connected with each other by the passage of the eardina]q‘
down into the laterals ; but, as will be seen, they are not so connecteq j,
the specimen figured, which has been selected in order toillustrate More
clearly their essential independence. In the eentral portion of the valve
there is a pair of still larger impressions,’ having their upper Portiong
parallel and their lower, falcate parts widely diverging. Between theiy
parallel portions there is a low mesial ridge, which dies out before reach.
ing the hinge-line. The falciform portions of these scars are, in general,
very faintly impressed, and might readily escape observation. The .
terior surface is usually smooth.”

In specimens from a light-gray, granular limestone, the tendency of
the shell to break on the surface and show successive lamin:u is quite
pronounced, but usually it is, as Mr. IFord says, not so. :

The differences between the muscunlar scars of 0. erassa and the type
of the genus 0. chromatica are not as marked as I had supposed from
the figures given by Mr. Billingsand Mr. Ford. A study of the interior
of the valves of O. chromatica shows that the central scars of the dorsal
valve are not unlike those in 0. crasse and that those of the ventral
valve are essentially the same. It is difficult to find two interiors of
the same valve in either species exactly alike, a fact owing to the orig-
inal condition of the scars on the shell and much more to the changes
passed through since the death of the animal that inhabited it.

Formation and localities.—Middle Cambrian. In the even-bedded and
conglomerate limestone on the ridge east of the city of Troy, New York;
at the same geologic horizon one mile below Schodack Landing, in Co-
lumbia County, New York; also, at St. Simon and at Bic Harbor, on the
St. Lawrence River below Quebec, Canada.

for.

OBOLELLA GEMMA Billings.
Plate x, figs. 2, 2a-e.

Obolella gemma Billings, 1872. Can. Nat., new ser., vol. vi, p. 218, fig. 5, of p. 217.
Original description.— Shell very small, about two or three lines in
length, ovate, both valves moderately convex and nearly smooth, Vent-
ral valve ovate, the anterior margin broadly rounded, with sometimesa
portion in the middle nearly straight ; greatest width at about one-third
the length from the front, thence tapering with gently convex or nearly
straight sides to the beak, which is acutely rounded. The'area is about
one-fifth or one-sixth the whole length of the shell, with a comparatively
deep groove, which extends to the apex of the beak. The dorsal valve

Ye¢ein original.
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.« pearly circular, obscurely :mgt}lar at the beak, and rather more
18 ,dly ronnded at the front margin than at the sides.

brg«m the interior of the ventral valve there are two small muscular
. hressions of a lunate form, close to the cardinal margin, one on each
1_'.'11[6 of the median line. A second pair consists of two elongate sub-
;T,cm scars, which extend from the posterior third of the length of the
shell to points situated at about om.s-fourt;h the length from the front
ﬁm-rgiu. These scars are nearly st-ral_ght,. parallel or slightly diverging
forwards, and divide the shell Iougltqdum}ly into three nearly equal
portions. Between thetfl, abou'f the middle or.)f the shell, are two other
gmall obscurely-defined impressions. There is also a small pit close to
the hinge line and in the median line of the shell. In the interior of
the dorsal valve there is an obscure rounded ridge, which runs from
the beak along the median line almost to the front margin. Close to
the hinge line there is_a pair of small scars, one on cach side of the
ridge. The other impressions in this valve have not been made out.

«The surface of both valves is in general nearly smooth, but when
well preserved shows some obscure concentric strie.”

When breaking up some bits of limestone from Bic Harbor, obtained
from the Geological Survey of Canada, I found a comparatively perfect
interior of the dorsal valve of this species that shows two rather large
clongate scars near the cardinal margin, a median groove channeling the
beak, a depressed area just in front of the latter that is bounded on either
side by a strong ridge that unites in front of it, a faint muscular sear
or scars showing just in front of the point of union; laterally a ridge
passes off from each side and gradually diminishes as it advances into
the cavity of the valve. In another example the elevated ridges are
nearly lost, probably by the compression of the shell,

A beautifully preserved interior of the ventral valve from Troy, New
York, shows the muscular scars in a better state of preservation than any
L have seen from Bic IMarbor ; nearly all the specimens (rom the latter
place appear to have been partially macerated and then more or less com-
pressed before the consolidation of the sediment. The principal defect
m the Troy specimen is the obscure character of the clongate lateral
Sears,  The shell also shows radiating lines that appear to have been
COI({]‘ lines in the original shell. Specimens from Bic¢ Harbor show the
“i.":m"‘“ features scen in the Troy specimens, but not in as perfect a con-
dition in any one specimen.

. l‘ ‘do not think there is much doubt of the identity of the shells found

dt}l‘.my Vith those from Bic Iarbor.

lim‘(::; f:::-(i:oufagd Igcalit-ic.e.—ﬁlifltlle Cambrian. In the (.:ong.lou;{e.r.aj:fa

. 0“; bl; . Ctj Simon and Bic Harbor, on the St. 1{3“1‘3'10:3 -1_:;:::

i o \;rm \ (,,Y a’nada. 'Mr. Fox:(l (.llscm_'erc(l the species on tfle ri ,,(;.

the Migq] Y, New 'Ym-!::, in association with other well-known 1ossils o
¢ Gambrian fauna.
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OpoLELLA CIrck Billings.
Plate x, ligs. 3, 3a

Obolella Circe Billings, 1572, Can. Nat. new ser., vol. vi, p. 219,

Original deseription.—+ Ovate, front a nd sides uniformly rounded ; pog
terior extremity more narrowly rounded than the front, length and
width about equal, greatest width at the mid-length, rather strougly
and uniformly convex, surface nearly smooth, but with fine concentrig
strite. Length, seven lines; width, a little less.  The rostral portion of
the shell is mueh thickened for about one-fifth the length, and in thig
part there is a degl} and wide aroove. In frout of the thickened por-
tion the musenlar impressions are indistinetly seen, but appear to be
tormed on the same plan as those of the ventral valve of the genus.

“The above description is drawn up on one exterior and several in.
teriors of the same valve, appavently the ventral valve. The exterior
is very like that of O. desquamata, and is of the same size, but the in-
terior shows it to be an entirely distinet species.

“ Length of the largest specimens seen, seven lines ; width, about the
same or slightly less.”

Throagh the kindness of Professor Whiteaves I was permitted to study
all the specimens of this species in the collection of the Geological Sur-
vey of Canada. Specimens of the valve deseribed by Mr. Billings as
tie ventral show the deep rostral cavity, from the anterior side of which
a ridge extends forward on each side into the cavity of the valve, much
as in 0. gemme ; inside of these there are two narrow clongate scars and
two oblong central scars; a number of elevated radiating striw cross
the central portions of the interior and extend more faintly nearly to
the frontal margin.

3ut one interior of the dorsal valve was observed. This shows the
same character of area as 0. erassa; the lateral scars are of the same
character, but the central scars are confined more to the rostral half of
the valve.

Formation and locality.—DMiddle Cambrian. Limestone conglomerate
at Trois Pistoles, on the St. Lawrence River, below Quebece, Canada.

OBOLELLA NITIDA TFord.
Plate xi, fig. 2.

Obolella nitida Yord, 1873. Amer. Jonr. Sei., 3d ser., vol. v, p. 213, .

Original description.—“Shell transversely suboval, small. Dorsal
valve gently but irregularly convex, the greatest elevation occurring ab
a point about one-fifth the length of the valve from the apex. Irom
this point the beak curves sharply down to the hinge line, which it
almost touches. The hinge line itself is slightly curved and a-pparently
equal to about one-third the width of the sbell. At the most elevated
point of the valve commences a well-defined median depression, which
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vonds forward for @ distance o_f about one-half the length of the valve,
exten Iy wid ening and becoming more shallow till it disappears. A
"—:rad-lla of the dorsal valve close to the margin is sometimes nearly flat
'Ortlm:md, The internal markings are not well enough shown in any
all t?spccimens that I have seen to admit of description. The surface
f’f t', amented with very fine concentric strice and numerous close-set
5 ?%;lt(_i'“« strice, the whole just visible to the unassisted eye.
m:'slg‘uhe zentral valveis not certainly known. The width of the largest
dorsal valve that I have seen is 0.14 of an inch and the length 0.10 of
an inch.” .

The above description and the figure of a type specimen are all that
we have of the species. ;

Formation and locality.—Middle Cambrian. Even-bedded and con-
glomerate limestones on the ridge east of the city of Troy, New York.

Genus ORTHIS Dalman.
Orthis Dalman, 1827.  See Brit. Foss. Brach,, vol. i; Genl. Introduction, p. 101.

ORrTHIS ? HIGIILANDENSIS I. SP.
Plate viii, figs. 3, 3a, .

Shell about the average size of the Cambrian species, but below the
size of those from the Silurian. Transversely oval or subrotund, frout
broadly rounded and nearly straight in the dorsal valve; hinge line
shorter than the greatest width of the shell.  Ventral valve moderately
convex, most elevated toward the beak, which is slightly arched over to
meet the nearly perpendicular area; mesial sinus broad and shallow or
nearly obsolete; area flat; foramen unknown. Dorsal valve associated
in the same hard specimens of limestone, more convex than the ventral
valve ; hinge line very short; median fold but slightly raised above the
general surface ; areaunknown. Surface marked by concentric lines of
growth and finer strie. No traces of radiating costi are seen except
on the interior of the shell towards the margin.

Casts of the interior of the ventral valve show the dental plates,
median ridge and bifurcating ridges extending nearly to the margin;
also, two lateral grooves. The specimens of the interior of the dorsal
valve show only faint impressions of a large oval scar each side of the
median line,
mgllil:nfo?:;t of the dental plates, the pro}onged_ ridges, and. the shoyt
mh(;r tlf“ go of the veu‘tml. valve associate this species with ‘01"3]318
o 0. P, an Ortlnsmz}. . The interior of the ventral vaEve allies zt_closer
134 1) V{nt’im [‘I):Izll &Sxxteenth -Am;. _Rep. }{ Y. State Cab. Nat.. Hlsli;., p
i an;) I.l 01';- £8.23-27) of the ngconsnu and Fexas Upper.Ca.mbrlan(. Of)h-

rthising ;‘gl than to the species of the Middle Cambrian, unlessbxbttee
mateiy| rientalis. It is to, be regrett_ed that we have not better

al for the study of this and the species placed under Orthisina.
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Formation and localities.—Middle O:unl)ri.au. In the limestone “‘iu,'
Olenellus Gilberti, Olenoides levis, &c., at 1)100130, and also on the Weg
side of the Highland Range, 11 miles north of Bennet’s Springy ,, o
at the south end of the Timpahute Range, Groome District, Nevagy, -

Genus ORTHISINA 1YOrbigny.
Orthisina D'Orbi g;l ¥, 1849. Seo Brit. Foss. Brach., vol. i, Genl. Introduction, p, 104,
ORTHISINA ORIENTALIS Whitfield.
Plate vii, fig. 6.

Orthisina Orientalis Whitfield, 1824. DBull. Amer. Mus. Nat. Hist., vol. 1, p. 144, p1, xiv,
fig. G.

Onginal description.—* Shell quadrangular in outline, somewhat
higher than wide, with vertical and sub-parallel lateral margins, anq
broadly rounded base. Cardinal line rapidly sloping from the apex to
the extremities, which are slightly rounded. Hinge line straight, as
long as the greatest width of the shell. Cardinal area broad and high,
divided in the middle by a triangular foramen, which is about as high
as wide. Surface of the ventral valve moderately convex, marked by
very fine radiating strize and also by several concentric lines of growth.
Filling of the rostral cavity and foramen large and prominent. Speci-
men. a cast in shale, of the ventral valve only.”

The specimen deseribed above is flattened in the shale and also ap-
parently compressed laterally. Unocompressed specimens referred to this
species, from intercalated limestone beds (“lentile”) in the shales east of
Swanton, show it to have been moderately convex, and also specifically
distinct from 0. Pepina of the Potsdam group in Wisconsin and in Texas.

Formation and localities—Middle Cambrian, Georgia Formation. Sil-
ico-argillaceous shales; Parker’s quarry, town of Georgia, and in a gray
limestone “lentile” two miles east of Swanton, Vermont, at about the
same relative geologic horizon.

ORTIISINA FESTINATA Billings.
Plate vii, figs. 7, 7a, .

Orthisina festinata Billings, 1861. Pamphlet; Geology of Vermont, vol. ii, p. 949,
figs. 350-352.  Idem, 1863, Geol. Canada, p. 284, figs. 289a-c. Idem, 1865. Pal.
Foss., vol. i, p. 10, fig. 11.

Original description.—* Subquadrate or‘scmi-oval, hinge line equal t0
the greatest width of the shell. Ventral valve subpyramidal, beak el¢-
vated, surface with a straight or slightly convex slope in all directions
to the margin, area triangular, a little inclined backwards, foramet!
about as wide as high, closed by a convex deltidium which is perforated
at the beak. Dorsal valve nearly flat.  Surface with angular bifurcat-
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ing ribs, five Or si::: in t]le “.ridth of two lines at the margin, crossed by
ﬁ;l'-‘c coucelltl‘ic :s,m-mz,.oi which there a're fro‘m seven to ten in one line.

«1idth on binge Imc/fl}*om ten to fifteen lines; length about one-third
Jess than the width. Heig:‘ht o.f central valve from two to three lines.

upoth valves show longitudinal undulations radiating from the beak
to the margin.

«This species closely resembles some of the ordinary forms of the
senus, but differs internally from any known to me in the Second Fauna
;1 the absence of the dental plates, no traces of which can be perceived
in the casts.”

Specimens were collected from a limestone in the typical locality, but
no casts of the interior were found. The radiating costw are finer and
more numerous than thoseon the cast figured by Mr. Billings, but in other
characters they appear to belong to the same species. Last of High-
gate Springs the species is quite abundant in a hard, arenaceous, mag-
nesian limestone, and shows the costa to have been roughened by
spinous projections and also by rather strong concentric lines of growth.
These characteristics are also preserved in o cast from the argillaceons
shale of Parker’s quarry. Several illustrations are given of specimens
from different localities.

Farmation and localitics,—Middle Cambrian, Georgia Formation, Iu
limestone ¢ lentile” about two miles east of Swanton; in silico-urgil
laceous shales, with Olenellus Thompsoni, Parker’s quarry, town of
Georgia; and in arenaceous magnesian limestone about two miles ecast
of ighgate Springs, Franklin County, Vermont.

ORTHISINA ? TRANSVERSA 1. sp.
Plate vii, ﬂg.‘i. o, da.

Shell small, transversely subquadrangular in outline, front broadly
rounded, angle formed by the union of the cardinal slopes of the ven-
tral valve 1559 to 16592, hinge line straight and as long as the width of
the shell.  Area of the ventral valve of moderate height, bent back
frow the hinge line, divided Ly a triangnlar foramen that is higher than
}\'itlc and covered by a convex deltidium ; the area of the dorsal valve
18 bent back at more than right angles to the hinge line; foramen higher
than wide, ¢overed by a deltidinm.

‘Bm'faure marked by numerous radiating, fine, even costzx, eight in a
distauce of 3mm, on the frontal margin of the ventral valve; a few con-
ventric lines of growth cross the radiating costee, but not so as to give
them a nodose chargeter,

_ Interior characters unknown.  The fine radiating striz and transverse
hm? distinguish this from other described species known to me. :
ie i’ 3::::fa;tion and locality.—Middle Cambrian, Georgia Foru.lation. Sﬂ

gillaceous shales of Parker’s quarry, town of Georgia, Franklin
ounty, Vermont.
(847) B
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ORTHISINA ? (sp. undt.)

There are two species represented by fragmentary material thy ap
pear to be distinct from any described. One occurs east of Higllga“;
Springs, the other at Parker’s quarry. N

Two undescribed species of Orthis or Orthisina, from I’Anse ay Loy
on the Straits of Belle Isle, Labrador, that have not yet been de”'cl‘ibed’
occur in the collection of the Geological Survey of Canada. 4

Genus CAMARELLA Billings.

Camarelia Billings, 1859. Can. Nat., vol. iv, p. 301

Original description.—* Family Rhynchonellide; veuntral valve, with g
small triangular chamber beneath the beak, supported by a short mesial
septum as in Pentamerus. Dorsal valve, with a single mesial septum
and two short lamelle for the support of the oral appendages, as in
Rhynchonella.”

The type of the genus is C. Volborthi, the description of which follows
that of the genus, and, on page 143 of The Geology of Canada, 1863, illus.
trations are given, figs. 77a, b, e. The species referred to the genus from
the Middle Cambrian may belong to it, but we have only the general ex
ternal resemblance on which to accept the generie reference. The second
species mentioned in the list of species is more like Triplesia primordialis
(Geol. Wis,, vol. iv, p. 172, pl. x, figs. 1 and 2, 1882) than any other
species with which I ap acquainted. The only specimens now known
to me of the second species are in the collections of the museum of the
Geological Survey of Canada, and have not yet been described.

CAMARELLA ANTIQUATA Billings.

Plate vii, fig. 8.

Camarella antiquata Billings, 1861. Pamphlet; Geology of Vermont, vol. ii, p. 49,
fig. 333, Idem, 1863. Geol. Canada, p. 284, fig. 290. Idem, 1865. Pal. Foss.,
vol. i, p. 10, fig. 13.

Original description.—* Ovate or subcircular, beaks obtusely pointed
(as seen on the cast), both valves moderately or rather strongly con-
vex. Surface with from eight to ten small rounded ribs which do not
reach quite to the beaks.

“Some of the specimens are proportionally more eclongated than
others. The front margin appears to be always broadly rounded, and
the greatest width at about one-fourth the length from the front margin.

“Length, from 4 to 6 lines; width, either equal to or a little less than
the length. :

“This species resembles . varians of the Chazy, but is more numer:
ously ribbed.”
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,ave seen but two specimens of the cast of a single valve of this
jes and cannot add to the deseription given by Mr. Billings.

511;;} mationand locality—Middle Cambrian, Georgia Formatioh. About

east of Swanton, Vermont.

Wel

2 miles
LAMELLIBERANCHIATA.

Genus FORDILLA Barrande.

Fordilla Barrande, 1831, Acéphalés. Etundes Loc. et Comp, 3°. Deseription of pl. 361.

The first notice we have of this interesting genus is by Mr. S. W,
Ford (Amer. Jour. Sci., 3d ser., vol. vi, p. 139, 1873), who called atten-
tjon to it under the title of ¢ Bivalve of uncertain class; gen. nov.?”
ITe described it as follows:

« Shell transversely oblong or suboval in outline, convex, widest pos-
teriorly, narrowed at cither extremity, with an oblique posterior ridge,
and small depressed umbones situated anteriorly, sometimes present-
ing an obscurely bi-lobed appearance in front.  Dorsal margin nearly
straight, ventral margin uniformly rounded. In the iuterior of the left
valve, as shown by a gutta-percha cast of an impression in stone of this
valve, there is a wide and deep furrow with a slightly raised line along
the middle of it, corresponding to the oblique ridge on the outside ; and
adistinetly impressed line passing trom the lower anterior into the
npper posterior portion of the valve, following the curved ventral edge,
from which it is separated by a broad flattened border. This line is
deeply sunken anteriorly, becomes almost obsolete or discontinuous in
passing the oblique internal furrow, beyond which, in the posterior por-
tion of the shell, it is less distinct, though clearly shown. Just in front
of and above the anterior limit of this line there is a slight conical pro-
!lll.wmm:c. Further than this nothing can be made out, owing to the
imperfection of the material. The shell is thick, with the surface finely
striated concentrically.

“I'have never observed a specimen of this singular little shell with
the two valvey together, but they are frequently found side by side in
the same hand specimen of stone.

‘: I'L‘"ch, rarely more than 0.16 of an inch; usual width, about 0.10.”

buhsequontly Mr. ord sent specimens to M. Barrande, who pro-
:_:'.‘;::‘l‘i]"i:;cf:.llm\'e ;,r(\!zvl'.ic name :lllfl gave St‘.\'f}l.‘ill chc'il(‘l.lt. figures, l?ut

E. Fost U-H‘I .1'nl1).l:slnnig @ generic n:ml. s[l(.‘(:lht‘t description. .
gle Valves) I;L-I.I lftlbl\.s bclore. his {!cscnpt.lon: N I‘th(l;”m“'\. they [_t.he s
6 o u“-dOLIlLta‘t,lnt'somcf.h111;_.'; ut' the appearance of o sm_nll ;l{ade::lops:.if.
tocted iy g }t-“ lam.clllbr;mchmtgs have, howcv_‘er, })cun hither {,o ('It:-
it is quite )Ocl‘.«:,lcortmuly more ancient than the Calciferous Sal:]( mh(,:3
will e fUllil(]S:] e that, when they come to Le better unde.rstoo y they

0 belong to some as yet imperfectly known group of crus-
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taceans.” Mr. Ford, however, was .strongl y inc.lined. to the belief thyg
they were lamellibranchs, and in this I agree with him.

M. Barrande says (Acéphalés. Etudes Loc. et Comp., 39, py, 391-393),

« [impression qui est résultée de ces études dans notre esprit sé
résume en quelques mots: )

« D’apres leurs apparences extérieures, ces petites valves Pourraiey
atre considérées comme appartenant 4 un lamellibranche,

« Au contraire, les apparences des moules internes offrent des carg,
tores que nous n’avons jamais observés sur les moules correspondantg
des Acéphalés. )

« La description de M. Ford, dont la majeure partie est consacrée
surface du moule interne de Pune des valves, constate Vimportance gq
ces apparences insolites et confirme bien nos impressions.

«“Nous sommes done disposés & considérer ces petites coquilles comme
appartenant 3 un Crustacé primordial et nous rappelons qu'un autye
Crustacé coexistant est énuméré par M. Ford, sous le nom de Leperditiq
Troyensis, dans le tableau que nous venons de reproduire.

* * * * * * *

“Ainsi, on remarquera quwil n’existe sur le contour de la charnitre
des valves de Troy aucune trace de séries de dents, comme dans les
Nucula et autres genres anciens.

#On constatera de méme, sur ces petites valves, ’absence de toute
impression musculaire, comparable i celles qui sont habituellement trés
bien conservées dans le méme genre Nucula et dans beaucoup de types
des faunes les plus anciennes.

* * * * * #* *

“ D’aprés ces considérations, nous ne pouvons pas admettre que la
preuve de Pexistence des lamellibranches dans la faune du Grts de
Potsdam soit établie par les petits fossiles de Troy. Nous devons
laisser & Pavenir le soin de nous fournir des informations finales et
indiscutables au sujet de leur nature, aujourd’hui problématique.”

Fordilla Troycensis may be the shell of a crustacean, but I think it is
extremely improbable.

The exterior appearance and thickness of the shell united to the
probability that a muscle scar exists nearly in the same position as in
the genus Modiolopsis, leads me to consider the shell as belonging to
the lamellibranchiata. Justin front of the little rounded boss described
by Mr. Ford, there is a minute flat depression in two examples that
strongly suggests a muscle scar. In casts of the interior of the same
shells, hardly a trace of the strong interior ridges and lines shown in
other casts of the interior one is to be seen. When we consider the
minute size of the shell and that it is separated by a great duration
of tim.e from the Calciferous formation, in which the first andoubted
lamellibranchiate shell has been found, it is evident that we will not
find the same structure as in the lamellibranchiate shells of the Lower
Silurian (. rdovician).
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ForDILLA TROYENSIS Barrande.

Plate xi, figs. 3, 3a-c.
The references and description are the same as that of the genus
Fordilla. - ; . .
Formation and localities.—Middle Cambrian. On the ridge east of

the city of Troy, New York, and also one mile south of Schodack Land-
ing, in Columbia County, New York. ?
o

GASTEROPODA,

Genus SCENELLA Billings.
Scenella Billings, 1872. Can. Nat., new ser., vol. vi, p. 479; Pal. Fossils, vol. ii, p. 77.

The generic description and the specific deseription of the type species
were given together. We now have Seenclla retusa Ford and 8. conula
and 8. varians Walcott to add to the type 8. reticulata, and the generic
deseription may be separated from that of the type species, as follows:

Small subeonical, patelliform shelis; aperture elongate oval to nearly
civeular; apex usually eccentric. Surface smooth or marked with fine
concentric strie or both concentric and radiating strixe,

I now have before me two specimens of 8. reticulata that are supposed
to be the types, as no others are known in the collection of the Geo-
logical Survey of Canada and they are from the typical locality. The
shell is ealcareous, and, in appearance, a smooth species of the genus
Stenotheca. The carina spoken of by Mr. Billings is exceedingly ob-’
seure, and is not discernible at all in oune of the specimens. Scerella
retusa Ford has a carina on the side opposite the direction of the curv-
ature of the apex, and also two faint lines running down the opposite
side from the carina. 8. conule Walcott (Monographs U. 8. Geol. Sur-
vey, vol. viii, p. 15, pl. ix, fig. 6) shows a faint line on one of the more
clongate sides, while 8. varians has, so far as known, it smooth surface.
The above species form a groﬁp of small, patella-like shells that differ
from the species referred to Stenotheca in their surface characters, and
I think Mr. Billings acted wisely in proposing a generic name to include
them,

Stenotheca elongata and Seenella conula (Monographs U. S. Geol. Sur-
vey, vol. viii) were referred to the Pteropoda, but I now place them
under the Gasteropoda.

SCENELLA RETICULATA Billings.

Plate xii, figs. 6, 6a.

Scenclla reticulata Billings, 1872. Can. Nat., 2d ser., vol. vi, p. 479.
0_" iginal deseription. — ¢ Shell small, almost uniformly. depressed,
®onical; apex central or nearly so; an obscure carina extending from
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the apex down one side to the margin.. Apm‘h}re nearly circulay, ape
very slightly incurved towards the side o.pposwe: the caring, Sﬁrfaex
reticulated with fine radiating and engirdling stri, just visible - t},e
naked eye. Diameter of the aperture of the largest specimen 001e
lected, 3 lines; height of apex, 2 lines.” y

A larger specimen, now in the collection of the Canadian GeOIOgieaI
Survey, has at the aperture a length of 14™™ and a breadth of 1qm,
height, 6", The apex is éccentric and curved over beyond the highes{l
point of shell. A smaller specimen has a pointed and more nearly ¢,
centric apex.

Formation and locality.—Middle Cambrian. Limestone at Topsail
Head, Conception Bay, Newfoundland, associated with Stenotheca rugosa,

Iphidea bella, and Protyphus senectus var. parvulus.

SCENELLA RETUSA Ford.
Plate xii, figs. 3, 3a.

Scenella retusa Ford, 1873, Amer. Jour. Sci., 3d ser., vol. v, p. 213, figs. 2a, b, on p. 214,

Original deseription.—* Shell small, rather strongly convex, aperture
ovate, sides curved. Apex obtuse, nearly central, curving down a little
toward one side. On the side toward which the apex is directed there
are two faint grooves commencing near the tip of the apex and diverg-
ing to the margin. On the side opposite there is a well-marked carina
running from the apex to the margin along the line of the longer axis
of the shell.  The slope of the shell is unequal, being most rapid toward
the margin to which the apex inclines. The surface is marked by a few
fine concentric and radiating lines, the latter only visible under a mag-
nitier, and with obscure imbricating Jines of growth.

“Length of the largest specimen obtained, 0.16 of an inch; height,
about 0.08 of an inch. Ocecurs in both even-bedded and conglomerate
limestone of the Potsdam group at Troy, associated with the preceding
species collected by the writer.

“This species is closely related to Scenella reticulata, the only hitherto
published species of the genus deseribed by Mr. Billings from the Mene-
vian group of Newfoundland. That species is, however, considerably
larger than ours, and is, further, destitute of the diverging grooves
which exist in 8. retusa, and by which this latter species may be easily
recognized.”

The only specimen known to me of this little shell is in Mr. Ford’s
c"”eFtiOD: and the figures were drawn by him from the type of the
species.

Formation and locality.—Middle Cambrian, Georgia Formation. Even
bedded and conglomerate limestone on the ridge east of the city of
Troy, New York. A specimen apparently identical with this species
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hat is Jabeled from Bic Harbor, is in the collection of the Geological
survey of Canada.
SOENELLA? VARIANS 1. sp.

Plate xii, figs. 2, 2q4.

Shell small, depressed, conical; apex central or subcentral; aperture
ovate OT broad ovate. Surface of cast smooth.

his little shell is quite abundant in the decomposed arenaccous,
magnesian limestone cast of Highgate Springs. In form it is Metop-
toma-like, and the reference to Scenella is provisional, as nothing is
known of the outer surface except that it has a few concentric strixe of
growth on an apparently smooth surface. I know of no closely related
species from the Middle Cambrian.  An undescribed species from the
Potsdam sandstone of Wisconsin and 8.2 conunla (Monographs, U. S.
Geol. Survey, vol. viii, Pal. Eureka Dist., p. 13, pl. ix, fig. 6) are closely
allied, but differ in being more elevated, and &. retusa is more depressed
and probably of a different shell substance.

Formation and locality.— Middle Cambrian, Georgia Formation.
Abount two miles east of Highgate Springs, Vermont; also, at St. Anne,
Province of Quebec, Canada; collection of the Canadian Geological
Suarvey.

SCENELLA ? coNULA Walcott.
>
Plateviii, figs. 2, 2a.

Scenella? conula Walcott, 1884. Monographs U. 8. Geol. Survey, vol. viii, p. 15, pl. ix,
fig. G,

Shell small, conical ; apex subeentral, apparently with a tendency to
bend a little to one of the sides on which thereis a very faintly-indicated
line running from the apex to the margin. Aperture ovate. Surface
smooth to the unaided eye; it shows fine concentrie strize and a few ob-
scure lines of growth when examined by the aid of a strong magnify-
ing glass.

. Dimensions.—Greater diameter, 3m»; lesser diameter, 2.25""; eleva-
liﬁll, about 1,75mm,
_ This is a small Mectoptoma like shell, the genceric reference of’ which
'S Provisional, as it differs from the type of the genus Scenella reticulata
Mot having a carina running from the apex to the margin; the curva-
ture of the apex is not positively known, as its summit is broken off in
all the specimens in the collection.

Formation and locality.—Middle Cambrian. In a shaly band of lime-
Stoue 3,000 feet below the Secret Cafion shale with Olenellus Gilberti;
ii:’;l :im feet above the great quartzite, on the east slope of Prospect

M, Bureka District, Nevada.
(853)
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Genus STENOTHECA Salter.

Stenotheca Salter. Name proposed 1866 ; published by Mr. Henry Hicks, 1879, Qua
Jour. Geol. Soc., vol. xxviii, p. 180. It,

Mr. Hicks does not give a deseription of the genus, but from the §
ures of the type species 8. cornucopia there is little difficulty in idenf’;
fying 8. rugosa with it generically.

The genus may be provisionally described as follows :

Shell depressed conical; aperture oval, elliptical or narrow elongate
oval; apex eccentric and curved over towards one end of the shell ; gyy.
face marked by more or less strong undulations and lines of growtl,,

The rougher surface and the strongly-arched curvature from the bea)
to the side opposite to which it curves seem to distinguish Stenothecy
from the closely related genus Scenclla. :

When reviewing the fauna of the St. John Formation, contained iy
the Hartt collections, T referred Discinia Acadica of Hartt to the genus
Palvacmen, as the material for study was foo fragmentary to change the
generic reference made by Mr. Whitfield (United States Geological Sur.
vey, Bull. 10, p. 19).  Subsequently I saw specimens of Stenotheca rugosa
that showed that, in exterior appearance, 1. Acadica was a true Ste-
notheca? (Amer. Jour. Sci., 3d ser., vol. xxix, p. 117, 1835). More re-
cently Mr. G. F. Matthew has published a note on S. Acadica, describing
the interior, and proposes that it be placed in a subgenus of Stenotheca,
“characterized by its subcircular apertare and patelloid form.” XNo
name is given for the proposed subgenus (Canadian Ree. Sci., vol. ii,
p. 10, 1886.)

STENOTHECA RUGOSA Hall (sp.).

Plate xii, figs. 1, la-e.

Meloptoma? rugose Hall, 1847. Pal.N.Y.,vol.i,p. 306, pl. Ixxxiii, figs. Ga—c.
Stenotheea rugosa Billings, 1872. Can. Nat., new ser., vol. vi, p. 479.
Stenotheca pauper Billings, 1872, Can. Nat., new ser., vol. vi, p. 479.

Original description.—* Elliptical, with the sides straight; apex ele-
vated and slightly bent forwards; posterior extremity broader than the
anterior; surface marked by strong concentric undulations, which in-
crease in number on the posterior side.

* Position and locality.—In the suberystalline calcareous beds, asso-
ciated with the Hudson River shales, near Troy.”

The usual outline of the aperture is that of an clongate oval, varying
somewhat in proportion and the curvature of the sides, so as to be sub-
circular in some examples. The apex varies in position from a point
nearly over the anterior margin to one-third the distance Letween the
anterior and posterior margins. On a young shell, 3=» in length, the
apex overhangs the anterior margin. There is considerable variation
in the surface markings; the strong annulations of growth seen on some
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are reduced in size and il)ftl‘cast:tl in numbers in others, and in
(he young shells only the fine strix seen on and I{ctwvcn the annula-
. s ou the older shells are seen. .r'l'h.e :m?mlunons also vary from
m.).uj\-.roumled to sharp, almost lm.l)rlcnl'm;_:; ridges. The entirve surface
o eered by very fine, somewhat irregular stri.

'S;;:.;:'c,w;o,;.,._.;\ n average sized specimen has a height of T with a
Jiameter at the aperture of 10m™ and 13w yespectively.

Stenolhcca corn ucopia Salter (Quart. Jour. Geol. Soc., vol. xxiii, pl. vii).
is a more erect. conical slwli.. but prescuts :-rl:ui\_'e]y the same strong
concentric undulations and Ime:‘s that oceur on N. rugosa, although a
nueh smaller shell.  The sbhell figured from the Spanish Cambrian is
<o closely related to 8. rugosa that, from the figures, it is diflicalt to find
specific distinctions hl:t\\'l.'.ell them. It is not specilically named, but
placed ander the name of Capulos, nuedt.  In the text the suggestion
is made that perbaps it may belong to the genas Metoptoma (Bull. Soe.
Géo'. de France, t. xvii, p. 531, pl. viii, fizs. 3, 3a, b).

Stenotheca acadice Hartt appears to be a compressed shell that, when
compared to flattened, compressed specimens of 8. rugosa, is generically
related to it.

On examining the type of Stenotheca pauper, in the collection of the
Geological Survey of Canada, 1 found it to be a coarsely-ribhed variety
of 8. rugosa, such as occurs both at Troy, New York, and Bic Harbor,
Canada. A variety oceurs at I’Anse au Loup that has much sharper
ridges of growth and strong radiating lines, and it is much more ele-
vated and conieal than the typical forms of the species found elsewhere,
with the exception of a single fragment from Troy, New York.

Formation and localities.—Cambrian, Georgia group. Conglomerate
limestone on the vidge east of the city of Troy, New York; Bic Harbor,
below Quebec; 1’Ause au Loup, on the north side of the Straits of
Belle Isle; and at Topsail Head, Coneeption Bay, Newfoundland.

sh (‘.I Is

STENOTIECA ! ELONGATA Walcott.

Plate xii, lig. 4, da, b.

Stenotheeq clongata Walcott, 1834, Monographs U, 8. Geol, Survey, vol. viii, p. 23,
pl. ix, ligs, 2, 2q.

Original description.—¢ Shell small, clongate, with the apex incurved
m",] depressed nearly to the marging laterally compressed so as to form
Aridge nearly the entive length.  Aperture elongate, ovate, somewhat
flctll-lrl‘\' Pointed at the end towards which the apex carves, and rounded
:llt“:il:;;::l:lmt"p extremity, the greatest wiflth oceurring about t-\\-'()-tllil.'llﬁ
c‘mcv;”;;'f"' 1}'0"1 the'n:u'rw:v end. Surface marked by numerous fine

“The :l‘*ll e and lines of growth. .
gl‘owt],r.{p:{‘mw ‘t]m.’g““.’ aperture, _(lepress'ecl apex, -and ﬁ:ne lines of

~erve to distinguish this from described species of the genus,
Bll". 30-—..__9 (855) ’
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As far as yet known the genus Stenotheca is confined to the Camy,
fauna.”

The Nevada specimens correspond so closely with those from LA
au Loup that I fail to find good specific characters to diStinguish ‘Ii,se
tween them. There is a certain irregularity in the form of the aperty e.
that, united with the rounded carina or angular dorsal ridge, Sl'ggeszg
a bivalve shell not unlike the young of the common Mytilus edulis, y,
judging from the material at hand, I think it is only a superficia) y,.
semblance.

Formation and localities— Cambrian. In the passage beds between
the typical Middle Cambrian (Georgia) and Upper Cambrian (POtsdam)
faunas, Secret Cafion, Eureka Mining District, Nevada. At I2Ayg
an Loup, on the north side of the Straits of Belle Isle, it is associateq
with a typical Middle Cambrian fauna tbat occurs in a hard reddisp.
colored limestone.

Tiay

Genus PLATYCERAS Conrad.

Platyceras Conrad, 1840.  Ann. Rep. Geol. Surv. New York, p. 205,

The genus Capulus Montfort, 1810 (Conch. Syst., p. 55), appears to
include the species under Platyceras, but, until more is known of the
American species, we shall follow the example of Hall and Billings, and
refer them to Platyceras.

PLATYCERAS PRIMZEVUM Billings.

Plate xii, figs. 5, 5a.
Platyceras primerum Billings, 1871.  Can. Nat., new ser., vol. vi, p. 220.

Original description.—¢ Shell minute, consisting of about two whorls,
which, as seen from above, are ventricose, but most narrowly rounded
at the suture; the inner whorl scarcely elevated above the outer. The
under side is not seen in the specimen. Diameter, measured from the
outer lip across to the opposite side, one line ; width of last whorl at
the aperture about one-third of a line.”

The Troy specimens correspond closely to the above description, and,
as they are associated with the same species as P. primeoum at Bie, I
have little doubt of their specific identity. From the description, the
Bic specimen shows the right side. A specimen from Troy is nearly free
from the matrix, and proves that the dorsum is nearest the right side
and that the Jeft side is more ventricose. The surface is also pres
served, and shows fine strie and lines of growth that arch backward
over the dorsum, indicating a deep dorsal sinuosity in the peristome;
a second series of fine striee cross the strire of growth and form a fin¢
reticulated surface.

Dimensions.—Diameter of cross-section of the outer walution, 3""}
- diameter of aperture, 1.75™ and 2.5mm,

. (836)
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Platyceras _minutis;simum Walcott (Pam. in advance 324 Rep. N. Y,
gtate Mus. Nat. Hist., 1880), from thc‘ Upper Cambrian (Potsdam)
Jorizon, is 2 small sl.lell related to P: promevum. It differs in having
stronger surface strie, a more prominent dorsal ridge, and the whorl
larger and more promn_lent. ‘ :

Formation and locality.—Middle Cambrian, Georgia group. In the
conglomerate limestone on the ridge east of the city of Troy, New York,

and at Bic Harbor, below Quebec, on the St. Lawrence River, Canada.

PTEROPODA.

It is with considerable reservation that I place the gencra Hyolithes
and Matthevia under the Pteropoda. The genera Conularia, Ilyoli-
thellus, Coleoprion, Coleolus, Hemiceras, Salterella, Pterotheca, Phrag-
motheca, Matthevia, and perhaps Palenigma form a group that, although
representative, in a measure, of the recent Pteropoda, differ in other re.
spects s0 much that it appears as though a division of the Gasteropoda
cquivalent to the Pteropoda might be consistently made to receive
them.

The following families of this group occur in the Paleozoic:

( Hyolithes.
Hyolithellus,
Hewmieeras,
Hyolithellidz. { Coleoprion,,
Coleolus.
lC:un:mrullwca.
Diplotheea.

S Tontaculites.
Tentaculid:e. gStyliolal.

Conularid:p. Conularia.
Salterellidm. Salterella.

Matthevia,

Matthovid:e. { Palienigma 17,

Pterotheea.

Pterothecidie. { Phragmotheca.

Genus OYOLITUES Lichwald.

Hyolithes Fichwald, 1840, il schicht. Syst. in Ehstl,, p. 07,
Theea Sowerby, 1845; Pugiunculus Barrande, 1847 ;. Faginella ’Orbigny, 1850,

Mr. Hall gives a history of this genus and a list of American species
Placed in it (Pal, N. Y., vol. v, pt. 2, pp. 191-195, 1879).  Grouped oppo-
Site Potsdam sandstone we find I7. excellens, a Lower? Cambrian species
from Newfoundland, and the following from the Middle Cambrian,
Georgia Formation: I, Americanus, H. communis, H. Emmonsi, II.
3::"":{’;:1‘.‘."(1 1. princeps; and from the I’otsd.u.m szfnd.stone,t'oll‘OEII:I;I(:;
Npecics ‘i':‘lc’nf.t ifiibbosu.\-, II gregarius, and II. primordialis, a tota

; e Cambrian System. :
Since that publication a number of species have been described, and
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Hyolithes

the American s}

CAMBRIAN FAUNAS OF NORTH AMERICA. [Bury, 4

(Theca) aculeatus Hall.
carbonaria Walcott.

aclis Hall.
triliratus Hall.
singulus Hall.
striatus Hall.

ligea Hall.

secies of the genus Hyolithes are distributed as foliowg
those from above the Potsdam sandstone according ifo their reslmctivé
authors and those of the Cambrian in part by the writer:

2Lowcr Carboni .
ous.

Hamilion Formation

; Upper Helderbery
Formation,

principalis Hall.
centennialis Barrett. cocceevaccersncieniemnarcanans Lowe‘r Helderhepe
' Formation,
parviuseulus Hall..oeoeimmiiecomnimnniomnenaneens Hudson River Fop.
B mation,
Vanuxemi Walcott. «oaeeeeemres snaennenscnns *----.Lower Silurian (Or.
dovician).

gibbosus H. & W.
primordialis 1Iall,

Upper Cambrian,
Potsdam Sandstoge,

(= gregarius.) 2
Americanus Billings
Billingsi Walcott.

communis Billings, .
var. Emmonsi Ford.

impar Ford,
princeps Billings.

Middle Cawmbrian,
Georgin Iormation,

Lower Cambrian,
Braintree Argillites,

g Lower Cambrian.
¢t Newfoundland.

Shaleri Walcott.

excellens Billings.

(Camarotheea) Daniana Matthew. 3
gracilis Matthew.
Micmae Matthew.
(Diplotheen) Acadica Hartt,
var. obtusa Matthow.
var. crassa Matthew.
var. sericea Matthew.
Hyattiana Matthew.
var. caudata Matthew, )

In the description of the species the flattened side, with the project:
ing margin, is considered the dorsal side and the rounded side the ven-
tral. This is the reverse of that nsed by Mr. Billings, Professor Hall,
and heretofore by the writer; but a comparison with the shells of the
recent genus Cleodora shows the projecting side to be the dorsal. This
view was held by Morris and Sowerby in the description of the gents
Theca,and by Salter in the description of species (Mem. Geol. Surv, Great
Brit., vol. iii).

Lower Cambrian.
{ St. John Series.

HYOLITHES AMERICANUS Billings.
Plate xiii, figs. 6, 6a—f.

Theca ?a-‘riangrtdaﬂ‘s Hall, 1847. Pal. N. Y., vol. i, p. 313, pl. Ixxxvii, figs. 1a~d.
.’."wa:rf triangularis Ford, 1871. Awer. Jour. Sci., 3d ser., vol. ii, p. 33.
Hyolithes Americanus Billings, 1872. Can. Nat., 2d ser., vol. vi, p. 215, figs. 2a, 0, I
213; Awer. Jour, Sei., 3d ser., vol. iii, p. 333, figs, 2a, 0.
. Original description (Hall)—* Bodies of a slender pyramidal forny
at behind and rounded at the larger extremity, angular in front; small
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emity pointed; section (aperture?) triangular. The surface shows
e.\'t:I efined markings, though the outer covering is not preserved in the
“;’ecim ens which I have seen.”
§

M. Billings’s descrfpﬁon.-—“ H. American rcs.-—-ll.cngtl'l from twehte to
eighteen lines, tapering at t.l.le rate of flbout four lines t(') the inch.

?utioll triangular, the three sides flat, slightly convex or slightly cou-
S_L‘.L, the dorsal [ventral] and lateral edges either quite sharp or acutely
c‘lm:lcd- Lower [upper] lip rounded, projecting about two lines in full-
ij:‘::)wn individuals. Sm:l‘ace tlinoly st’riatcd, the strice curving forwards
;u the ventral [dorsal]' side, and passing upwards on the sides at nearly
a right angle, curve'shgl.ltl_v b:lckw'ardspn t!w: dorsum [ventrum]. Ina
gpecimen cighteen lines 1n l'engt]: the width of the aperture is about six
Jines and the depth about four, the proportion being slightly variable.

«The operculum has a very well-defined conical ventral [dorsal] limb,
the apex of which is situated above the center, or nearer the dorsal
svontral] than the ventral [dorsal] side.  The dorsal [ventral] limb forms
:n flat margin, and is so situated that when the operculum is in place
the plane of this flat border must be nearly at right angles to the lon-
gitudinal axis of the shell. In an operculum six lines wide the height
of the lower limb to the apex of the cone is two and a half lines, and the
width of the flat border, which constitutes the dorsal [ventral] limb,
about one line.

“This species oceurs at Bic and St. Simonj; also, at Troy, New York,
where it has been found abundantly by Mr. S. W. Ford, of that city.
It is Theca triangularis of Hall (Pal. N. Y., vol. i; p. 313, 18147). As that
name was preoccupied by a species previously described by Colonel
Portlock (Geol. Rep. on Londovoderry, p. 375, pl. 28 A, figs. 3a, 3b, 3¢,
1543), it must be changed. It is a very abundant species and varies
a good deal.”

The small shell figured on plate xiii, fig. 6/, is broader at the aperture
than the typical form, but fig. 6 is intermediate, and other specimens
:x'till ore closely unite the two extremes, This same range of variation
Is observed in the common species of the Potsdam sandstone of Wis-
consin, . primordialis. The opercula of the two species are also of
the same type, and when we compare the shells of . Americanus, with
A rounded ventral angle, with the specimens of H. primordialis, having
a high ventral angle, the two species approach each other quite closely,
the latter species being the representative in the Upper Cambrian of
th::\ former species in the Middle Cambrian.

_lhen? 13 a considerable range of variation in the angle of divergence
:i‘lht:: b;ld??, and also the angles formed by the union of the thf'ee sides.
e ;r,cu,s 1s quite abundant at Troy, although finely-preserv ed speci-

Fh e E'are.

i t‘;:;m(tt-wn and localities.—Middle Cambrian. (.Joz.JgIomerate-limestm!e
o, Sthd'ge east of Troy, New York, and in a similar formation at Bi¢
» Blinon, Canada,
(859)
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HyoLITHES BILLINGSI n. sp.
Plate xiii, figs. 1, la-d.

Salterclla obtusa Billings, 1861. Geology of Vermont, vol. ii, p. 955, Idem, 1865, Pal

Foss, vol. i, p. 18. al,

Hyolithes primordialis? White, 1571 Geog. nml Geol. Expl. & Surv. West 100¢), Meriq

‘ Prelim. Rep. Invert. Foss., p. 6, and vol. iv, pt. 1, p. 37, pl. i, figs. 5amg,
Not Theea obtusa Salter, 1866. Mem. Geol. Surv. Great Britain, vol. iii, P. 352, '

Original description.—* From six to eight lines in length; diametey at
aperture about three lines. The transverse section is always subtrig,,.
gunlar, and in some of the specimens one side appears to be flat like a
Theea, and I would refer it to that genus, only that the tube is composeq
of successive layers. None of the specimens are perfect, but the fory,
is sufficiently different from that of the other two to indicate a distinet
species.”

When breaking up a picce of rock holding Salterella pulchella fron
1’ Anse au Loup, T found several specimens of this species corresponding
to the above description, and, not being able to separate them from
typical forms of the genus Ilyolithes and as several species have two
or three layers of shell, I refer the species to that genus. The shell is
very thick and strong in the specimens identified with Z. obtusa from
Nevada.

The Nevada shell agrees in every respect with those from I’Anse au
Loup. The overculum associated with it appears to be identical with
that of JI. Americanus, except in the more rounded ventral angle. Il
Billingsi appears, in many examples, to be very closely related to the
smoother shells of IT. Americanus, and I am strongly inclined to con-
sider it little more than a variety of that species. It is, in fact, a form
intermediate between the latter and H. primordialis, and, if the three
forms had been found in the same layer of rock, I should be inclined
to unite them in one species; but, as they are from widely separated
localities aud 1. primordialis associated with a different and later fauna,
it appears best, until the three are found associated, to consider them
as distinct.

As the specific name was preoccupied by Salter’s IT. obtusa, I propose
I. Billingsi, in honor of the original discoverer of the species.

Formation and localities.—Middle Cambrian. T’Anse au Loup, Lab-
rador, on the north side of the Straits of Belle Isle, in a hard reddish
limestone ; at Pioche, Nevada, it is associated with Olenellus Gilberti,
&e.,in a gray granular limestone. In the Highland Range it occurs in
the shales above the Olenellus shale; and one mile below Argenta, Big
Cottonwood Cafion, Utal, it is abundant in a silico-argillaceous shale.
The specimens in the shale are compressed, but they appear to be iden-
tical with those from Pioche, Nevada.

S (860)
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HYOLITHES PRINCEPS Billings.
Plate xiii, figs. 5, 5a, b.

Hyolithes princeps Billings, 1872. Can. Nat., new ser., vol. vi, p. 216, figs. 4a, b, of p.
213, :

original description.—* .Shell large, sometimes attaining a length of
three or four inches, t-.apermg z_xt; the rate of about three lines to the inch.
In perfectly symmetrical sl)eclmeps, the trausverse section is nearly a
cemicirele, the ventral [dors.,al] side being almost flat, usually with a
slight convexity, and the s_ides and the dorsum [ventrum] uniformly
rounded. In many of the individuals, however, one side is more ab-
yuptly rounded than the other, in consequence of which the median
line of the dorsum [ventrum] is not directly over that of the ventral
[dorsal] side, and the specimen seems distorted. This is not the result
of pressure, but is the original form of the shell Sometimes, also,
there is a rounded groove along the median line of the dorsum [ven.
trum]. The latter is somewhat more narrowly rounded than the sides.
Lower [upper] lip uniformly convex and projecting about three lines in
a large specimen. Surface with fine strie and small subimbricating
ridges of growth. These curve forward on the ventral [dorsal| side. In
passing upwards on the sides, they at first slope backwards from the
ventral [dorsal] edge, and then turn upwards and pass over the dorsum
[ventrum] at a right angle to the length,

“When the width of the aperture is seven lines, the depih is abont
five. The operculum has not been identified.”

With the exception of referring to the convex side as the dorsal and
the flattened side as the ventral, I will not attempt to add to the above
description.

fyolithes excellens Billings (Can. Nat., new ser., vol. vi, p. 471) is a
very closely related species; the differences are in the greater apical;
angle of H. excellens, 220, and the rounded lateral angles, those of II.
pr f{“‘cp’f being quite sharp and the apical angle 150,

The smaller shells of II. princeps are much like those of II. Americanus,
:_::::'ti""""il)iil difference being in the sharper ventral angle of II. Ameri-

N,
Sl,‘hls if the largest species of Iyolithes known, H. elegans Barrande
g’g:i-uﬁll: ?iolu:‘:m-e, \:01. iii, pls. xi and xv) and a few other species

e cqualing it in size.

\\‘iil:m(;;:ﬂfsi;}fens (:f this species fl‘OIl.l Silv.er Peak are i(h?n.tica,l in form

Gilbery; ‘[{l tmf".(’m".“l"‘ aml- occur in a limestone conanmg Olenellus

Eﬁhlno;:h , torgina like X. cingulata, and several species of sponges—
Yllum, &e,

lim:s:';‘::é;o’:)fa%d localities—Middle Cambrian. In the conglomerate

AWrence Rie t. Simon anfl Bic Harbor, below Quebec, onf the St.
3BOYN er; also, on Silver Peak, Nevada, long. 1170 20 W., lat,
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HyoLITHES COMMUNIS Billings. '
Plate xiv, figs. 3, 3a-e.

Huyolithes communis Rillings, 1872, Can. Nat., now ser., vol. vi, p. 214, figs, 1 o, ot
p. 213
Compare H. impar Ford.

Original description.—This species attains a length of about ejgh;,
cen lines, although the majority of the specimens are from ten to fifteq,
lines iu length. The ventral [dorsal] side s flat (or only slightly eop
vex) for about two-thirds the widtl, and then rounded np to the sidey.
The latter are uniformly convex. The dorsum [ventrum], although (e
pressed convex, is never distinetly tlattened, as is the veuntral [dorsa):
side. The lower lip projects forward for a distance equal to about oue.
fourtl or one-third the depth of the shell. Ina specimen whose width
is three lines the depth is two lines and a half.

“The operculum is nearly cireiar, gently but irregularly convex ex.
ternally and concave within. The ventral [dorsal] limb is seen on the
outside as an obscarely triangular, slightly-elevated space, the apex of
the triangle being situated nearly in the center of the operculum. The
base of the triangle forms the ventral [dorsal] margin. This limb oceu
pies about one-third of the whole superficies of the external suarface.
The remainder, constituting the dorsal [ventral] limb, is nearly flat,
slightly elevated from the margin towards the center. On each side o
the apex of the ventral [dorsal] limb there is a slight depression run
ning from the nuclens out to the edge. On the inside there is an ob-
scure ridge corresponding to each one of the external depressions. It
is most prominent where it reaches the edge. These two ridges meet
at the center and divide the whole of the inner surface of the operculum
into two nearly equal proportions.

“The surface of the operculum is concentrically striated. The shell
itself in some of the specimens is covered with fine longitudinal stri,
from five to ten in the width of a line. The shell varies in thickness in
different individuals. In some it is thin and composed of a single
layer, but in others it is much thickened by concentric lamine, and
thus approaches the structure of a Salterelle. There are also fine en-
girdling strize, and sometimes obscure subimbricating rings of growth.’

With the exception of reversing the use of the terms veutral and
dorsal, little can be added to the above very complete description of the
Canadian specimens, but those from Troy, New York, show that the
shell was partitioned off by imperforate septa near the apex,in the
same manner as I. impar and H. communis var., Emmonsi.

H. Emmonsi Ford is very closely related to this species, and, I think,
not more than a variety of it, as the characteristic depression on the
fiattened face of H. Emmonsi is slightly shown on a specimen of H-
communis, and other specimens still further unite them.
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Formation and localz’ties‘.—-—hiiddle Cambrian. In conglomerate lime-

es of St. Simon and Bic Harbor below Quebec, on the St. Lawrence

St’?ner Canada; also, in the even-bedded and conglomerate limestones
g:‘;-h; ridge east of Troy, New York.

HYOLITHES COMMUNIS var., EMMoNsI Ford.
Plate xiv, figs. 4, 4a, b.

salterelle Ford, 1871. Amqr. Jour. 8ci., 3d ser., vol. ii, p. 34,
Hyolithes Emmonsi Yord, 1373.  Amer. Jour. Sci., 3d ser., vol. v, p. 214, tigs. 3a-e.

Original description.— Shell elongate. slender ; apex neatly pointed,
transverse section subtriangular; sides gently ronnded and meeting
to form a tolerably prominent though often scarcely perceptible dorsal
[ventral] ridge in the forward part of the sbell, which quickly dies down,
<o that a transverse section taken near the apex wounld be almost a
semicircle. Ventral [dorsal] side flattened, with a wide, shallow de-
pression along the middle, which runs the whole length of the shell ;
lateral edges rounded up to the sides. The most projecting point of
the lateral walls occurs ¢'ose to the ventral [dorsal] side.  When the
width is 0.24 of an inch the depth is 0.18 of an inch. The walls of the
shell are thick and appear to be made up in some instances of sueces.
sive layers of lamine. The surface is ornamented with very fine con-
centric strize, which run directly around the shell or at right angles to
its longitudinal axis. The tubes sometimes attain a length ot 2 inches,
even when imperfect, but the majority of the specimens in my posses-
sion are less than an inch in length. _

“The operculum has the same contour asa transverse section of the
shell taken at about the mid-length, and is, accordingly, distinctly
emarginate at the middle of the border of the ventral [dorsal] limb
The ventral [dorsal] limb itself is in the main flat, or nearly so, and em-
braces not far from two-thirds of the whole superlicies of the operculum.
Through the wmiddle of it, beginning at the emargination, runs a low,
rounded, conical elevation having the apex directed toward the dorsal
[}'entra-l] limb and slightly encroaching upon it.  The dorsal [ventral|
limb, unlike the ventral [dorsal], is highly convex, except a narrow space
vear the margin, which is flat. A narrow groove, extending from the
fl!)ex of the cone Just mentioned, or nucleus of the operculum, to the mar-
€10, occupies the contral portion of this limb and divides it into two equal
barts, (A similar division is frequently well shown in the opercula of
f‘d“lt Specimens of Hyolithes Americanus.) A portion of the operculum
't"l::‘;;::wfnucleus, of a triangular sba-pe,is a-sometimes more elevaftcd Lha;:l
The S;lrf(‘) thfa surface, a,n.d appears like a _llttle plate aqded i_'or strength.

o thace 1s covered with fine, thread-lfke, 9011centr1c strice. ' .
the spe. e sIeude_r form of the _shell{ the direction qf the su'rfzfce lfnes o
Pl‘oacheg, and the internal thickening already not‘lced,.thls f»pe("{?s ap-

closely the structure of a Salterella. Especially is this true
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when the specimens are quite small, as is usuall;y the case; apq ing
earlier communication (this Journal for July, 1871), publisheq Prior ¢
the discovery of specimens of its operclllupl ,-the 'species was mibrreg
by me to that genus. It may be refzdily dlst-mgmsll‘cd from either "
tl;e species of Hyolithes found with it Ly the dlrccl;ton of the Stirfaeq
lines of the shell and its distinetly hollowed dorsal side.?

To Mr. Ford's excellent description of this species it may be addeq
that when we find a specimen of H. impar with an unusually flattepeg
dorsal side it approaches very closely in form to the more rounded <))
of H. Emmonsi, in which the dorsal depression is very slight.

Another character observed is one that occurs in H. communis ayq
H. impar. 1t is the presence of a transverse diaphragm in the tyl,
towards the apex. This appears to have caused the shell to becomg
deciduous in many instances, and we now find numerous examples shoy.
ing the blunt terminal portion. Some sheils show the rounnded smoot)
‘end withont any constriction; others have a narrow concentric constric.
tion just within the termination. The cast of the surface of the septum
shows a slight central cicatrix or scar, but no cvidence of a perforation
in the septum could be observed. The average size of the tube at the
point of decollation is 1™, The largest seen is 1.5™™ and the smallest
5w, When studying the sepeam, the close similarity between it and
the first septum of the species of Orthoceras and Cytoceras, as figured
by Barrande (Céphalopodes, Etudes générales, 1877, pls. 487, 488), was
at once brought to mind, and also the interesting question of the rela-
tions of these shells to the Cephalopoda.

A paper has been lately received from Mr. G. F. Matthew, in which
he states that several of the Hyolithes from the base of the St. John
group have distinct septa at the base of the tube. The genus and
species are not mentioned (Nat. Hist. Soc. N. B., Bull. 10, p. 102, 1585,
In the American Journal of Science, vol. xxx, p. 293, 1885, Mr. Matthew
describes the genus Diplotheca.

Mr. Matthew quotes, in the former paper, from a letter written by Mr.
Alpheus Hyatt, where the latter says: ¢ These fossils, with their dis
tinct septa, are startlingly similar to certain forms of Nautiloidea, but
there is no siphon. They, however, confirm Von Jhernig’s and my
opinion that the Orthoceratites and Pteropods have had a common, but
as yet undiscovered, ancestor in ancient times.” '

Mr. Ford speaks of the thick shell, and that it is apparently made up
of successive layers of lamin®. Several specimens in the Survey collec:
tione show this feature. The shell is formed of three ‘or more layers:
first, a thin outer layer, with rather strong even strix that cross the
flattened ventral face nearly direct and arch forward on the dorsal face,
the flattened side in this species being the ventral face and not the
. dorsal, as in most species; the second layer appears to be of a smooth,
even character, much like a filling between the outer and inner shell;
the inner shell is thin and concentrically striated in a slightly different
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anper from the outer slgell ; a fourth layer appears to exist in one ex.

_Je, but it is too obscure for study.
‘mlll ﬂl;(l associated with the typical forms of Mr. Ford’s H. Emmonsi
chells” that form a gra-(-lation between them and H. communis. The
slightly convex d?rsa-l sxdg bec(_>mes f.la.t and. tl}en slightly raised, as in
1. COMMANTS. With a series of specimens, 'lt is difficult to determine
gpecific ditlerences between them. If‘ollowmg the series towards the
more rounded forms, we find that H. imparis readily reached. JI1. com-
unis appears to be the central portion of a series uniting I7. impar
and II. Emmonsi. The most decided point of difference between /7.
communis and H. Emmonsi is the apical angle, that of II. communis
peing about 13° and that of H. Emmonsi about 8°. The two specimens
I have before me of I. communis from Bic show only concentric strize,
as in 1. Emmonsi.

H. communis var. Emmonsi is associated with I1. Americanus, H. com-
munis, . impar, Hyolithellus micans, Stenotheca rugosa, &c.

The cross section of the tube is much like that of H. teres Barrande
(Syst. Sil. Bohéme, vol. iii, pl. x, fig. 4), except in the slightly convex
ventral face.

Formation and locality.—Middle Cambrian. Even-bedded and con-
glomerate limestone on the ridge east of the city of Troy, New York.

HyorLiTHES IMPAR Iord.
Plate xiv, figs. 1, la-e.

Hyolithes impar Ford, 1872,  Amer. Jour. Sci., 3d ser., vol. iii, p. 419, tigs. la, b, 2a, b.
Original description.—* The shells of this species are plump, elongate
bodies, tapering to an acute point. The largest specimen obtained
would, if perfect, be 1% inches in length. The usual length, however, is
about 14 inches. The section is generally broadly and regularly oval,
but in some specimens is rather more flattened on the ventral [dorsal]
side than in the diagram of the one below given. Some specimens show
a tul‘ulenc}' to become keeled along the dorsum [ventrum], but this feat-
ure 1s rare and not well defined in any case. 1n an imperfect specimen
l..14 inches in length the rate of tapering on the ventral [dorsal] side is .10
ofan inchin a distance of .60 of an inch. The width of the tube at the
apertare is .32 and the depth .26 of an inch. In this specimen the lower
["l'l"“’| lip projects beyoud the limit of the dorsum [ventrum] .14 of an
teb. - The surface is ornamented with fine engirdling lines, which upon
1\:1-0 b\'entml [1101':3;11 | side curve gently forward, thence wore sI'Jarpl,v back-
Ad upon the sides until they reach a point at about the middle of the
‘lf’l!th, Where they are again deflected, and flow across the dorsum
L}lé':t;?m],i" uninterrupted, slightly forward-bending curves. There
o t'h(;z prominent sublmbr.icating lines of growth, which give to some

wy pecn‘nens an ex.ceedmgly rugose aspect. :
'e opercnlum is of an oval form, irregularly convex externally, and
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for the most part concave within. The nucleus is situa Fed at the centep
and in perfeet specimens is vertical and acute. 013 cither side of th[:
nucleus, in the line of the longer diaune'ter, there exists a Conspicugy,
groove, which gradually widens in passing f.rom the center out t, the
cdge. With the exception of the nucleus, which 1?are]y Separates they,
these grooves divide the operculum externally into two equal parts,
These are, respectively, the dorsal and ventral limbs. The Ventrg)
[dorsal] limb is smooth on the outside or broken ounly by concentric lings,
Its convexity is greatest at the nucleus. The dorsal [ventrall lim),
has nearly, sometimes quite, the same degree of convexity, but may e
readily distinguished from the ventral [dorsal] by the presence of tw,
obscure ridges radiating from the nucleus to the margin and inclosing
a triangnlar space along the central portion of the limb. The twg
limbs are so situated relatively to each other as to give to the base of
the operculum a curvature equal to that indicated by the form of the ap-
erture of the shell. In the interior of the operculum there is a little pit
directly beneath the nucleus. From this point radiate two strong
wedge-shaped ridges corresponding to the exterior grooves. There are
also two ridges of similar form running from the same point to the mar-
win of the dorsal limb, lying beneath and included within the limits of
of the triangular space scen on the outside of that limb. All of these
ridges are widest at their junction with the margin. They severally
terminate in the central pit and divide the interior into four unequal
parts.

“The surface of the operculum is covered with fine concentric
strie, from 8 to 10 in the space of .06 of an inch. Along with these
there sometimes oceur coarser lines of growth. The interior is both radi-
ately and concentrically striated. The concentric lines are mostly
coarser, fewer in number, and far less regularly disposed than those on
‘the outside. = The radiating lines are very numerous, and with the con-
centric lines give to the interior a singularly reticulated appearance un-
der the magnifier. They are barely visible to the naked eye.

“This is a well mmarked species and offers but little variation of form.
It is closely related to Hyolithes communis Billings (Can. Nat., vol. vi, p.
214, December, 15871),but is nevertheless quite distinet therefrom. InH.
communis, according to Mr. Billings, the shell is sometimes longitudi-
nally striated, which is not the case, so far as observed, in the shells of
this species. The operculwe are also different. In the operculum of I.
communis there are but two ridges in the interior. These correspond to
the longitudinal ridges of our species as shown in fignre 25, There is
also aslight variation in the rate of tapering of the two species. They are,
therefore, entirely difterent. A species of about the same size and form
occurs in the Potsdam sandstone of Wiscounsin (16th Reg. Rep., p. 133"

pl. vi, figs. 30 and 31).”

The species last referred to by Mr. Ford has a similar apical angle,
but the cross section and the operculum are quite different, I als?
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ect that & comparison of specimens with H. communiz Billings will
susP™ - oh closer relations than noted above. :
51100‘:16 e culiarity of this species is the strong, thick shell. In a tube
~am jn diameter the shell is 1™= thiek. In a shell of H. Americanus
"f the same size, it is not more than .5™™ in thickness. The shell ap-
4 cars to be made up of an inner and outer layer, with a space between
(:f‘irregulﬂ-l’ width, which is filled in with a layer of mineral matter not
anlike the thin inner and oute_r layers of shells; Fhe effect is that of an
iner and an outer shell that did not fit exactly, with the interspace filled
with foreign matter.

The shell of H. Emmonst appears to be of the same character, and
1. impar has imperforate septa towards the apex of the shell similar
to those of H. Emmonst.

Three of the figures illustrating this species were drawn by Mr. Ford
from the type specimens in his collection.

The section of H. cinctus Barrande (Syst. Sil. Bohéme, vol. iii, pl. ix,
fig. 11) is much like that of H.dimpar. Usoally specimens of this genus
are so crushed and flattened that it is difficult to institute comparisons
between the species preserved in slates and shales and those imbedded
in limestone.

Formation and locality.—Cambrian, Georgia Group. Conglomerate
and even-bedded limestone on the ridge east of the city of Troy, New
York.

HYOLITHES sp. undet.

In the “Red sandrock” of Vermont, a species of Hyolithes occurs
that, in its apical angle, 159, and the outline of its cross-section, resem-
bles H. primordialis of the Potsdam sandstone. The material is so
poorly preserved and the species of the genus so often are closely re-
lated in certain characters, while differing in others, that I hesitate in
identifying it with any described form, and, for the present, prefer to in-
dicate only the presence of the genus at that horizon.

Formation and localities—Middle Cawbrian, Georgia Formation,
About one mile east of Highgate Springs, in a reddish-colored, decom-
posed, arenaceous, magnesian limestone ; also, in a purplish sandstone
above the Olenellus bed cast of Swanton, Vermont.

Atthe Highgate locality, Olenellus Thompsoni and Ptychoparia Adamsi
Oceur in the same layer of rock.

Genus HYOLITHELLUS Billings.

Hyoliﬂmuus Billi

ngs, 1872, . ; , ser, . vi, p. 240.
Discinell Fal, 188, 1872, Can. Nat., new, ser., vol. vi, p. 240

o 1873. Twenty-third Rep. N. Y. State Mus. Nat. Hist., p. 246.

H;:Eﬁtﬂl tioeseripﬁon.—-—.“ Since the sheet containing the deseription of

5 i (f micans was prlnifed off, I baveﬁam_ved at the conclusion thaft
genus for its reception should be instituted. I propose to call it
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Hyolithellus. 1t differs from Hyolithes in its long, slender form angq iy, the
peculiar structure of its operculum.” $

Hiyolithellus, in tho slender, elongate form of its sl.mll, appears to pe
resent the forms referred to Coleolus and Coleoprion from the Cpper
Silurian and Devonian, but the peculiar operculum associateq with itis
so distinctive that it is readily distinguished from them and also fron
the more cylindrical species of Hyolithes.

The description of Mr. Hall’s genus Discinella is that of the operey.
lum of this species, and as the type material is from the Troy beds there
can e little doubt of the identification.

The following is the original description of Discinella:

« In the limestone beds accompanying the shales of the Quebec Group
near Troy there is a minute discinoid phosphatic shell which I have long
known in its exterior character as having the concentrically-striateq
and obscurely-radiate surface, with an eccentrie apex, like many of the
Discine. The interior of the shell (dorsal valve) is distinetly marked
by nine radiating depressions, the central one of which extends toward
the margin nearest the apex, with four others upon each side. At the
extremities of some of these depressions there are distinct muscular
markings; but were all these to be considered due to the muscular or-
ganization we would scarcely recognize the fossil as a Brachiopod,
but rather as a Gasteropod. The general character of shell, however,
is such as to ally it with the Discinide, and, since we do not yet know
any Gasteropod of similar form and character in the older rocks, I pro-
.pose for this fossil the name of Discinella.”

As there is but one species referred to Hyolithellus, the generic and
specific characters are given in the description of that species.

HYOLITHELLUS MICANS Billings.

Plate xiv, figs. 2, 2a-e.

Hyolithes micans Billings, 1872. Can. Nat., 2d ser., vol. vi, p. 215, figs. 3a, b, of .
213.

Original description.—*This is a long, slender, cylindrical species,
with a nearly circular section. The rate of tapering is so small that
it amounts to scarcely half a line in [a] length of eighteen lines, where
the width of the tube is from 1 to 2 lines. The largest specimen col-
lected is 2% lines wide at the larger extremity, and if perfect would be
4 or 5 inches in length.

“The operculum does not, show distinetly a division into a dorsal and
ventral limb. It is of an ovate form, depth somewhat greater than the
width, the nucleus about one-third the depth from the dorsal margin.
Externally it is gently concave in the ventral two-thirds of the surface;
a space around the nucleus is convex and finely striated concentrically-
f)n the inner surface there is a small pit at the dorsal third of the depth
indicating the position of the nucleus. From this point radiate ten
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longate ovate scars, arranged in the form of a star, the rays towards
elon

g ventral side being the.longcst. None of these scars quiFe reach

argin. .
t’?ﬁﬂrfuhe'gshell and operculum are thin and of a finely lamellar structure,

gmooth and shining. _ .
«Qceurs at Bic and St. Simon ; also, at Troy, New York.

« Collectors, T, C. Weston and S. W, Ford.

« Sometimes nun.wrous small .t;pecimens from % a line to 3 lines in
Jength are found with the. operculum on the safnc slab. _

«This shell appears tomeat present to constitute a new genus, differ-
ing from the majority_of‘ the ‘species of Hyolithes in its circular section,
the operculum not divided into dorsal and ventral lines, and in the
remarkable system of muscular impressions on the interior. Barrande
pas figured an operculum of the same type, differing from this in having
only three instead of five pairs of impressions. They are, however,
arranged on the same plan in both the Canadian and Bohemian species.
It is possible that our species may be a Salterella.”

From material in the collections of the United States Geological Sur-
vey, I find that the outer surface of the shell, although apparently
smooth in many specimens,'is also marked by conceutric strie of growth
that in some examples are quite strong and regular in arrangement,
The scars on the operculum also show lines of growth. The shell, for
the first 10m™ or 15™=, is often curved and almost twisted in some
examples. All the larger portions seen are straight.

The cross section is circular or broad-ovate, as is seen by comparing
the outline of different examples of the opercula.

Why Mr. Billings suggested the possibility that this species might
e a Salterella I cannot tell, as it appears to have nothing in common
with it except a circular or ovate cross section.

Formation and localities.—Middle Cambrian, Georgia Formation. Con-
glomerate limestone at Bic and St. Simon, Canada, and Troy, New York.

A species of Hyolithellus, appareutly a large I1. micans, oceurs with
the Middle Cambrian fauna, in the silico-argillaceous shales, one mile
below Avgenta, Big Cottonwood Caiion, Utal.

Genus SALTERELLA Billings.

Salterellq Billings, 1861. Geology of Vermont, vol, ii, p. 954, Jdem, 1865. Pal. Foss,,
vol. i, p, 17,

1,,,£);;.g{"f‘f£ description.—¢ Small, slender, elongate, conical tubes, consist-
n.fl th ?i: t ]“’]1‘_’“' cones placed oune within another, the 11L§t one t‘orm-_
tﬁ,es ("( 'f"'“ller of Il&blt:}tion of the animal. '.[‘h.e. cross se.ctlon of these
Cllrveds. Ctl:‘cnlar or Sl}bt-]‘lall gular, and they are ell?her s{‘,rm:ght or gently

“p tl:iz }}‘3 surface 1s-concentl'ically or long;tud.nmll_v st—rmtef:l.
Ciently .'f these fossils, although no doubt allied to Seth'tex, suffi-
¥ different therefrom to constitute a distinct genus. Their struct-
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ure is so compact that they are seldom fopnd compressed, whilg |
species of Serpulites are almost invariably in .tha.t condition, Show{:]
that they consist in general of something more like & membranegy, - tfk
than a hard-shelled tube.” ‘
The shell of the species of this genus is strong and Comparatiyg),
thick, much more like those of Tentaculites than Serpulites, anqg I m;}
inclined to agree with M. Barrande that the relations of the genus gy,
with Tentaculites and Hyolithes (Sys. Sil. Bohéme, vol. iii, p. 133, 1 867)'
The three species described by Mr. Billings, 8. rugosa, 8. pitlckena‘
and 8. obtusa, are from the Middle Cambrian, Georgia Group, on th(:
north side of the Straits of Belle Isle, the two latter species oceurring

in the same hard specimens of rock.
Salterella obtusa proves to be a species of Hyolithes and is removeq

to that genus.
Salterella Billingsi Safford (Geology of Tenuessee, p. 289, 1869) i
from the Trenton Group. Until more is known of the genus 1 woulg

place this species under it with a query.
SALTERELLA PULCHELLA Billings.
Plate xiii, figs. 3, 3a, pl. viii, 7, 7a-c.

Salterella pulchella, Billings, 1861. Geology of Vermont, vol. ii, p. 955. JIdem, 1563,
Pal. Yoss., vol. i, p. 18.

Original description.—* Elongate, conical, gently curved, from six fo
cight lines in length and from one line to one and a half in width at the
aperture. Surface ornamented with small encircling strice just visible
to the naked eye.

“This species is larger than 8. rugosa, always a little curved, not so
abundant, and when weathered does not present the sharp imbricating -
aonulations of that species.”

The species in the Winooski marble is observed only on the polished
sections, and it is very difficult to determine its specific characters. It
appears to have & smooth outer surface, as no annulations are shown in
the longitudinal sections. In form it varies from the description of §.
pulchella, in being shorter and larger at the aperture ; but, as we find
numerous examples of a form that corresponds to 8. pulchella 300 feet
higher in the section, associated with the casts of shorter, stouter shells,
and also forms that appearintermediate between the slender and stouter
examples, it is probable that all belong to one species. In all the
specimens yet obtained but a single shell or sheath is shown. This may
be owing to the fact that in those from the Winooski marble the sep:
arate shells may have disappeared in the semi-crystallization to which
the calcite replacing them has been subjected, and all the specimens
from the gray and reddish magnesian limestones are in the form of casts
gf the interior and exterior surface or else showing only the outer Sur*

ace, " %
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warcor™)
; praelll Pulckella was first announced as occurring in the Georgia
Sat f Vermont by Mr. Billings (Can. Nat., 24 ser., vol. vi, p. 351,
GrouP Oho jdentified it in fragments of the Winooski marble from

1), ¥ . . :
éifﬁfton, Vermont, sent to him by Mr. Solon M. Allis, of Burlington,

wpont.
V%!:-]OA. R. C. Selwyn, Director of the Geological Survey of Canada,

13 weathered specimen in the conglomerate limestone of Point
fm,]?is that shows a cluster of the tubes of this species in a beautiful
;;\te of preservation. Dr. _ Sclwyu. kindly gave me _permission to use
¢he specimen for study and illustration. S_e\'.eml of the shells show, in
cross sections, three t.uhes or cones, one wntlpn the other, the walls of
the ipner cones blending at t}le Iargcr end \'."lth the gcneral wall of the
shell. The occurrence of this species at Point Levis does not indicate
that it belongs to the Upper Cambrian (Potsdam) fauna or to the Cal-
ciferous fauna of the shales in which the pebbles holding it are imbedded,
as the pebbles are rolled and worn and are a part of the detrital matter
making up the Point Levis strata and were derived from pre-existing
rocks, as are also the pebbles aud bowlders carrying the Potsdam and
Calciferous faunas.

Formation and localities.—Middle Cambrian, Georgia Formation.
L’'Anse au Loup, Labrador, on the north side of the Straits of Belle
Isle, and in conglomerate limestone of Point Levis, opposite Quebec,
Canada.

In Vermont, the form referred provisionally to this species ranges
through about 500 feet of the mangnesian limestoues of the upper por-
tion of the liinestone belt, and is best observed in the so-called “Red
sandrock” beneath the argillaceous shales, in associatio with Ptycho-
paria Adamsi, Olenellus Thompsoni, &c., east of Iighgate Springs, and
Swanton, Franklin County, Vermont.

SALTERELLA RUGOSA Billings.
Plate xiii, fig. 2.
Salterclla rugosa Billings, 1861. Geology of Yermont, vol. ii, p. 954, fig. 362. Idem,
1865, Pal. Foss., vol. i, p. 17, fig. 22. ’

. Original description.—This little species is straight, conical, taper-
Ing uniformly to an acute point. Length from two to four lines, the
Steater number of the specimens being under three lines; diameter at
the larger extremity, one line in a specimen four lines in length; the
Smaller ones are often a little more obtuse. Aperture circular, eqdal to
ﬂ})out three-fourths the whole diameter. It is not certain that in any
2 ”’,"’ Specimens observed the surface is preserved ; they all appear to
cst;::‘;‘;zted of the o.uter-covering and exhib‘it from four to six imbri-
:ll'ge%» ena(;‘ll anunulations in the length of one line, the edges towards the
Sheaths of These are doubtless the exposed edges of the several
-, which the tube is composed. They are usually straight, but

are slightly curved.”
Bu, 30——10 (871)
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This is the most marked s ; .
known to me it has not been discovered except at the typica) lOCalit‘;.

Formation and locality.—Middle Camb?ian, Georgia Formatio
I’Anse au Loup, Labrador, on the north side of the Straits o Bel‘i]c;

- Isle.

pecies of the genus yet described., A L

CRUSTACEA.

Genus LEPERDITIA Roualt.

Leperditia Roualt, 1851. Bull. Soc. Géol. de France, 2° sér., t.8,p.377. Type I, B
tannica. Same bulletin, p. 378, figs. 1-3.

LEPERDITIA TROYENSIS Tord.
Plate xvi, fig. 5.

Leperditia Troyensis Ford, 1873, Amer. Jour. Sci., 3d ser., vol. vi, p. 138.

Original description.—*The following description is based upon a
single right valve, the only specimen of this species that I have seen.

“Deseription: Minute, obscurely pentagonal in outline, greatly nar.
rowed in front, broad behind, narrowed at either extremity, posterior
one somewhat obtusely angular. Dorsal margin straight, ventral mar.
gin gently rounded. Surface depressed convex, convexity greatest at
little behind the mid-length. Eye-tubercle prominent. Marginal rim
well defined all around except at the hinge. A distinet marginal
groove can be traced entirely around the carapace, but it is very faint
in the upper portion. It is most distinet along the forward half of the
ventral outline. Surface smooth and polished.

“ Length, 0.18 of an inch; breadth, 0.12 of an inch. Occurs in even-
bedded limestone of the Lower Potsdam at Troy. Collected by the
writer.

“The characters of this species agree very closely with those of
Leperditia Solvensis Jones (Annals and Magazine of Natural History,
2d ser., vol. xvii, Feb., 1856, p. 95), from the Menevian group of Wales;
but our species is larger, a little different in shape, and provided with
a distinet eye-tubercle. They appear, however, to be very nearly
related.”

The only specimen known to me of this species is in the collection
of Mr. Ford, and I am indebted to him for the illustration.

Fo::mation and locality.—Middle Cambrian. Conglomerate limestone
on the ridge east of the city of Troy, New York.

LEPERDITIA? ARGENTA n. Sp.

Plate viii, fig. 5.

Carapace large; dorsal margin nearly straight; dorsal angles Pro
duced into acute elongate points; anterior and posterior ends oblique
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o the dorsaI. margin :nbm;e .and)rciuuilzi:aﬁli}lt(? the'broadly-rounded
central margin below ; anterior end slightly narrower than the pos-
teﬂoru' th, 56m™; height, 31, The length aund beight are probably
-:li':f:ﬁfg‘ il:Cl‘cilsed by the flattening of the ‘shcll by compression.
S gurfﬂ ce markings, if an‘s.', 1'1111“1::)\\'1]. This l.ax'ge specimen was found
qqsociated with clm-racturmhg Middle Cambrian fossils, in the silico-
:li‘gillilc‘fo“s’ shaly bed:'; I 'slmg on the great qua'rrziti:: series of the
Big Cottonwood Cambrian section. T'hc carapace is flattened between
the laminge of the shale, au‘d ou.ll\' n slight rim a-rn‘uml the ventral, an-
terior, and posterior margins nuh.cutes any original irregularities of
the surface. The unusual feature is .thc presence of the spinous dorsal
angles. A tendency to an almost spinous angle is seen in some of the
gilurian species of Leperditia. This is the largest species now known
to me from the Cawmbrian System.  Several species oceur at the Pots-
dam or Upper Cambrian horizon that will be deseribed with that fauna,

It may be that the reference to Leperditia ix incorreet, but, with the
evidence at hand, it appears to be required.  The form suggests at first
a reference to the carapace of a phyllopod crustacea allied to [Hymeno-
caris or Protocaris, but the straight dorsal margin and acute dorso-
lateral angles are very much against this view,

Formation and locality.—Middle Cambrian.  Oue mile below Argenta,
in Big Cottonwood Caiion, Wasatch Mountaius, Utah.

Genus PROTOCARIS Walcott.

Protocaris Waleott, 1384, DBull. U. 8. Geol. Survey, No, [, po 5L (Dated 1284, but
not generally distributed until 18<5.)

Carapace without evidence of a dovsal suture, rounded on the dorsal
liue, and bent downward ou the sides; without any rostrum.  Body
many-jointed, 31 segments extending out from beneath the earapace,
the last segment broader than the preceding and terminating in two
spines.  Type, Protocaris Marshi.

In comparing Protocaris (P. Marshi) with ILymenocavis (11 vermi-
Cuda Salter, 1852, DBrit. Assoc, Rep., pt. 2, Notices and Abstracts, p.
93; Mem. Geol. Surv. Great Brit., vol. iii, p. 293, plate ii, figs. 1-1;
pl",“" vy fig. 25, 1866), we find that in the simple bent or folded eyeless
shield or carapace they arve closely related, but in the structure ol the
body they qifter materially.  Mymenocaris has, in one iustance, 9 strong
stgments shown in its more clongate body, the terminal one ending in
:1';;;3:};“; (il' spines; usuall{; G or 7 segments are seen; 8 or 9 are less
Skt al(- .nt». Ass9c. Rep. 1883, p. 219). P.rotoca-rls has 30 narrow seg-
b ter;ni arge terminal segment or telson, with two rather strong caudal

nal spines.
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ProroCARIS MARSII Walcott.
Plate xv, fig. 1.

aleott, 1834, Bull. U. S. Geol. Survey, No. 10, p. 50, (Dateg

: rshi W ; -
Protocaris Marshi perally distributed until 1885.)

1384, but vot ge .
The specimen on which the genus and species are fou}lded i§ con.
en the laminz of the slate so that the entire outline of
the carapace is shown and the body is “’"1‘_31'?-‘1 ?";3* As ﬂatfellerl the
carapace is rounded quadrangular in outline, with a more or less djs.
tinetly detined marginal rim all around. The general surface appearg
to have been smooth. No evidence of eyes. _

The body projecting beyond the carapace 15 about two-thirds as long
as the earapace, narrowed posteriorly au(l. u.Jade- up of numerous nay.
row segments, each about one-third of a millimeter in breadth 5 the last
segment or telson, which is 2.5m® long, supports two caudal spines 7 op
gum iy length; 30 segments appear between the posterior edge of the
carapace and the telson ; the segments appear to have been smooth and
without a spinose or erenulated posterior margin; the telson and cau.
dal spines also appear to have been smooth and without ornamentation,

Dimensions.—Total length, 42™; length of carapace, 21™m; width,
26mm; Jenath of body, 15™", exclusive of caudal spines; width of body
where jt passes bepeath the carapace, 10™ 3 at telson, 4™,

The specific name is given in honor of Prof. O. C. Marsh.

Formation and locality.—Middle Cambrian, Georgia Formation. Par.
ker’s farm, town of Georgia, Vermont.

This is probably the oldest Phyllopod crustacean known at the present
time. We know nothing of the animal that inhabited the shell (the
ghell itself is flattened by compression), but by flattening out the cara-
pace and segmented body of Apus glacialis, or any allied form, we sce
at once the striking resemblance between the recent Apus and ancient
Protocaris, the most marked difference being the absence of eyes in
the Cambrian Protocaris.

Mr. J. L. Kingsley requested me to study Protocaris with a view of
ascfartaining its relations to Apus, but the material is too imperfect to
arrive at a satisfactory conclusion. The animal is Apus-like, and it also
appears to be conneeted with the Nebalide through Hymenocaris, Pel
tocaris, Ceratiocaris, &c. In this connection I wish to quote an observa-
tion by Prof. E. Ray Lancaster. He says: “Apus cancriformis is, i
many respects, one of the most important of the Crustacea. * * *
probably standing nea;:fl:et“ciz’ th'e_lhyllopoda) as an :archaw folllllli
any other living members 0of Ehcxt;ucn 3-1,1(:08?:‘01‘8 i F,rustacea tﬁlgo
tions on Appendages and on the §Te::'?)1;l:s , {t 0bsfe Ka tions anf]foﬁnis )
Quart. Jour. Micro. Sci., vol. xxi n N p s ’

» VOl XX1, . ser., p. 343, 1881.)
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P@ECILOPODA.

Genus AGNOSTUS Brongniart.
stus Brongniart, 1822. Crust. Foss., p. 38, pl. iv, figs. 4a, b.

Agno
AGXOSTUS INTERSTRICTUS White.
Plate xvi, figs. G, 6«.
Agnostus interstrictus White, 1874. Geog. and Geol. Expl. and Surv, West 100th Merid.,

Prelim. Rep. Invert. FFoss., p. 8. Idem,1875. Vol.iv, pt. 1, p. 38, pl. ii, figs. 5a, b

Original description.—* Head and pygidium of almost exactly equal
size and general shape and otherwise closely resembling each other.

« Head a trifle broader than long, regularly rounded in front; sides
at the postero-lateral regions subparallel; postero-lateral angles trun-
cated ; the whole exterior margin, including the truncated portions just
pamed, provided with a mnarrow, raised rim, the elevation of which
forms a linear depression, or groove, between it and those portions of
the head which it incloses; space between this marginal depression
aud the glabella a little wider posteriorly than it is in front, convex
hronghout, and its surface apparently smooth. Glabella conieal,
widest posteriorly, moderately convex, sides nearly straight, well de-
fined by the dorsal furrows, abruptly rounded in front; a minute tuber-
cie situated on the median line near the posterior end, and a shallow
groove or furrow extending across near the front end, defining a frontal
lobe of moderate size.

“ Thorax narrower than the head and pygidium, giving the body the
appearance of being constricted at the middle; axial lobe broad, con-
sisting of two segments, both of which are tumid at the ends adjoining
the dorsal furrows; lateral lobes very narrow ; pleure almost as wide
as long; each pleura tumid and rounded at its exterior end.

“Pygidium having an outline like that of the head, and is also pro-
vided with a similar elevated marginal rim and linear depression within
it; axial lobe a little longer than the glabella, and consequently that
lobe reaches a little nearer the posterior margin of the pygidium than
the glabella does to the anterior margin of the head, moderately convex
i clevation and also in cach lateral outline; a minute tubercle is situ-
ated on the median line near the anterior end, corresponding in size
and relative rosition with the one on the glabella before mentioned;
SPace betw cen the dorsal furrows and the margin convex, its surface
abparently smooth ; upon the outer edge of the border of the pygidium,
at each side and a little nearer to the axial extremity than to the antero-
lat_e“‘l angles, there is a minute protuberance, suggestive of an incipient
Sbine.  Besides the slight differences between the head and pygidium,
:L"@ad}: referred t.0, the pygidium di-ﬂ“ers :Elso in ha.ving a faint appear-

¢¢ of segmentation of its nxis and in a slight folding backward of the
Marginal rim at the antero-lateral angles.
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gum; width of head and also of the Py gidiy

150
«Length of body,

mm . width of thorax, mm,

b - 'i‘l::::d:‘l"mﬁm' Agnostus is quite unlike any described Amerigg,
species, and is wore nearly related .to A. n'zfegcl‘ Beyrich, from the
Primordial strata of Lurope, than any other Ln_{)wn .to me. Comllﬂre{[
with that species, it is found to reach a larger size; its glabella jg Dar.
rowed in front instead of having its sides llt':m‘ly pura_-llel; the axial lobe
of the pygidium is narrower bebind than in fron‘t, mstead of being of
nearly the same width at each end, and has the sides of .that lobe cop,.
vex instead of nearly straight, as they are in A. integer.”

Direct comparison with specimens of Agnostus pisiformis shows o
striking similarity between it and A. interstrictus; the differences ¢oy.
sist in the form, and this is owing largely to the compression to whicl
A. interstrictus has been subjected. Agnostus didens Meek (sec Mono.
graphs U. 8. Geol. Survey, vol. viii, p. 26) and Agnostus tumidosus ., &
W, (Geol. Expl. Fortieth Par., vol. iv, p. 231), of the Upper Cambrian,
are also closely connected with varieties of A. pisiformis.

Our knowledge of the American species of the genus Agnostus is
now very imperfect, and mueh work is needed to obtain a thorough
understanding of them.

A species of Agnostus occurs in the Prospect Mountain Cambrian
limestone of the Eureka Distriet, Nevada, that appears to be, in the
head shields, identical with A. interstrictus. It also may be identified
with A. communis 11. & W. {Geol. Expl. Fortieth Par., vol. iv, p. 223,
pl. 1, figs. 23, 29). Not wishing to iutroduce a doubtful occurrence of
another species into the fauna, I identify the head shield with . inter-
strictus, which we know to occur at about this horizon at another locality.

Formation and localities—Middle Cambrian, Bluish-gray calcarcous
shale, ITouse Range, Antelope Spring, Western Utah; Shaly limestone,
500 feet above quartzite, east slope Prospect Mountain, Eureka Dis-
trict. Nevada.

I,

AGNOSTUS NOBILIS -Ford.
Plate xvi, fig. 7.

Agnostus nolilis Ford, 1872, Amer. Jour, Sei., 3d ser., vol, iii, p. 421, figs. 1, 2.
Original description.—¢1lead and pygidium of nearly the same size
and form, both exceedingly convex. The head is broadly semi-elliptical,
wider than long, the length to the breadth about as 5 to 6. Convexity
greatest along the median line, reaching its maximum on a straight line
Joining the posterior angles. TFrom thence the slope is nearly equal 10
thu' front and sides. The sides, anterior margin, and part of the pos
terfor argin, abruptly concave, rounded, and slightly incarved. Do
tt’:’lm‘ a_"{-ﬂes 1'ound.ed. The posterior outline is slightly concave for &
e o n e o o il eing sy e
SHUES 6 o & uity of this projection is _tl'uncdtt, g
na nearly flat articulating face. The head is surrounde
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narrow convex border directed a little downward, of uniform
bg: a or but slightly attenuated on the posterior outline. On either
“:ulth;' the head this border is set off with a row of prominent tubercles,
sice Oqeven to eight in each row. No tubercles bave been observed on
g::f‘:-:;treme front and posterior p.ortions of the border. The surface of
_ﬂ“; head, including the bor(}er, 18 transversely crossed by numerous
faintly impresse(l lines, enrving backward, for the most part invisible
to the naked eye. ; :
«The pygidium 18 of egual Iength and width with the head. The con-
ve:Eity, nowever, is a trifle greater along the m'id(l!e, and the anterior
angles rather less rm-mde(l than the eorresppmhng angles of the head.
The greatest conveXEty* oceurs at the anterior Flurd of the pygidium.
The anterior outline is slightly concave at the middle and is then feebly
rounded in passing outward and backward to the angles. The contour
of the sides and posterior margin the same as that of the sides and an-
terior margin of the head. A marrow marginal border similar to that
of the head, though not tuberculated, surrounds the pygidinm, termi-
nating on eitber side of the concave portion of the anterior outline. The
curface is covered with delicate lines similar in character and direction
to those of the head.

«The two extremities are connected by a single thick thoracic ring.
This ring is partly shown in the figure. From the appearance of the
ficure, however, there would seem to be room for a second ring, but
this appearance is due to the damaged condition of the head.

“Two specimens only of this species have been obtained, one a head
with a small portion of the pygidium; the other a nearly perfect indi-
vidual. The dimensions of the latter are as follows: Length ol entire
animal, .64 of an inchy length of head along the median line .30, width
at posterior angles .36 of an inch; median length of pygidinm .30,
width at anterior angles .36 of an inch; width of head and pygidium at
one-third the length of each from their smaller extremities, each .28
of an inch; width of thoracice ring, .10 of an inch. This is likewise the
width of the concave portion of the pygidium with which it lies in con-
tact. Greatest depth of pygidium .14 of an inch; greatest depth of
head .12 of an inch.

‘_‘ The proportions of the other head slightly different, the length
being 34, the width 39, and the greatest depth .14 of an inch. The
Specimens were found lying close to each other in the same hand frag-
n:ent of limestone, Oceurs in even-bedded limestone east of Troy, New
York, in the same layer with Olenellus asaphoides, Agnostus lobatus, Obo-
lella ccelata, ana 0. desquamata.” :

Mr. Ford states that he is not sure which is the cephbalic shield; also,
that the specics is of the same type as A. parilis Hall, of the Potsdam
Z‘“".l.s‘tone of Wisconsin, but it differs in size characters too much to be

Pecifically related. Mr, Ford informs me that the type specimen is
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Jost, so we can only reproduce the rough wood cut given wity the Orig
y * a
inal description. _ ;.

Formation and locality.—Middle Cambrian. Even-beddeq limestone
on {he ridge east of the city of Troy, New York.

Genus MICRODISCUS Emmons.
Microdisens Emmons, 1855, Amer. Geol,, vol. i, pt. 2, p. 116.
Type, M. quadricostatus.

Original description.—* Minute, oval, middle lobe of the cephalie
shield strongly developed; ribs of the bt?dy (.::r a,h.domen, four; of the
tail, four or five. The form of the cephalic s‘.hlel(l is only obseurely in.
dicated; the size of this trilobite is shown in the small figure. 7t is
found in the white fragile shales of Augusta (_Jounty, Virginia, associ.
ated with minute molluscas and graptolites.”

1 have long had a suspicion that the original specimen on which the
species M. quadricostatus was founded was a young specimen of Triny.
cleus concentricus, or a species of that genus, although it might be the
young of some species of the genus Ampyx; the former is more proba.
ble, as specimens of the latter genus are of rare occurrence in American
strata and Trinucleus concentricus is quite abundant at the same hori-
zon in which Dr. Emmons found the specimen deseribed by him. It is
the type of the young Trinucleus, as may be seen by comparing it with
Barrande’s figure of 7. ornatus, showing four segments in the thorax.
The glabella is clavate and of the type of that of Trinucleus; the
pygidium is essentially that of Trinucleus, as are also the thoracic seg-
ments. When collecting from the Hudson River shales, in Central Nei
York, I found the heads of T. concentricus distorted and with the puné-
tate margin and genal spines so broken away that they appeared similar
to the head of M. quadricostatus. We now know that the light-colored,
fragile shales of Augusta County, Virginia, belong to the Hudson River
group, and that they carry graptolites and minute shells such as Dr.
Emmons mentions. In view of these facts and since all the species
subsequently referred to tbe genus Microdiscus have the head and
pygidium subequal in size and form and a eylindro-conical glabella, I
am inclined to consider Emmons’s type as belonging to the genus Tri-
nucleus and take as the type of Microdiscus the next species referred
to it, M. punctatus. _

The above was written before I had read M. Barrande’s observations
on the same trilobite. Tle was of the opinion that Dr. Emmons was
prohably in error in referring the species to the lowest geologic hori-
4on OF his Taconic system and that M. quadricostatus recalled the young
de: i Peilobite g‘; :: ';l est impossible de juger avec séeurité la nature
dne 1e suéeisio aille et ses apparences nous porteraient & croire

Pécimen figuré représente le jeune age de quelque espéce dont
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vidus adultes n’ont pas encore été observés. En outre, 1a grande
1a glabelle, le nomlzr(? des segments libres au thorax et des seg-

ents eNCOTe soudés au py'gldmm, rappellent les apparences des jeunes
?riuucle“& Ces observations ne don.\'ent pas étre considérées comme
ined étermination générique, qui serait trop hasardée, Qapres des doca-

es indi
saillie de

‘ments si incomplets.” (Bull. Soe. Géol. de France, 2¢ sér., t. xviii, p.

280. e . .
} \I}r Salter, in describing Microdiscus punctatus, remarks that Barrande

thinks that the minute form described by ].Bnu_nuns may be the young
state of Trinucleus or some such I;f)\vgr Silurian genus, but that Em-
mons’s figure is singulm:ly like .the 'tossﬂ he had under observation and
that he did not feel inclined to institute a new genus for it while there
was a possibility that it might be the fry of some larger trilobite.

The discovery of several well-characterized species and the reference
of Agnostus lohatus to the same group have fairly established a generie
form, and the old name proposed by Emmons, although no longer ap-
plicable to the type species of the genus, is retained and the genus de-
fined as follows:

Trilobites of a small size; elongate-oval in outline; head and py-
gidium snbequal, without eyes or facial sutures; glabella elongate, con-
ical or eylindro-conical, with or without glabellar furrows and occipital
furrow ; pygidium with or without grooved pleural lobes; thorax with
three or four segments; pleural lobe of segments grooved, much as in
the Paradoxide.

Types, M. punctatus, M. speciosus.

In classification, Microdiscus occupies a position intermediate between
Agnostus and Conophrys (Callaway Quart. Jour. Geol. Soe., vol. xxxiii,
p. 667) or Shumardia (Billings, Pal. Foss., vol. i, p. 92), if the latter is
found to have a thorax similar to that of Conophrys.

Asin the genus Agnostus, there is considerable range of variation
between the species referred to the genus.

The glabella of'both M. punctatus and M. pulchellus carries a strong
nuchal spine; otherwise the head is of the same type as that of AL
seulptus, M. speciosus, M. Darcsoni, M. lobatus, M. Parkeri, and M. Mecki.
The pygidia of AL punctatus, M. pulchellus, and M. speciosus are simi-
lav in form, while those of . sculptus, M. lobatus, M. Parkeri, and M.
pfc?c'so-rzi resemble each other in having the pleural lobes strongly
r:.bbed, a more transverse outline, and a more strongly defined mar-
gmal border,

Pemphigaspis bullata Hall (Sixteenth Rep. N. Y. State Cab. Nat. Hist.,
D- 221) appears to be closely related to this group, but until more is
‘Mown of it I do not think we can indicate its relations to the Agnos-
tidee, the family under which Microdiscus is placed. Conophrys and

humardia are also placed under the same family as trilobites with few
Segments and without eyes or facial sutures.

The genus Microdiscus, so far as we now know it, appears to be con-
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fined to the Cambrian system; 41[..1;1( netatus, M. sculptus, anq pr. Puleig
lus appearing in the Lower Cambrian; {?I. 31)eci032{3, M. Mecki, . Par}l-er‘-
and AL lobatus, in the Middle Cambrian; and, if Pc:mpk{_gaspis b?flia;’
proves to belong to the same group, we have one Species from the Upbcﬂ
Camburian, and all the species now referred to Microdiscus woy)q ther
be reforred to Pemphigaspis, as Emmons’s original name of "]ﬁc"f)f?fsc;!n
could not be retained, as it appears to have been founded on a 3P0€ime;
of the genus Trinueleus.

In n;y review of the fauna of the St. John group of the Hartt collee.
tion I referred the St. John species to M. Dawsoni and . Punctatyg
A reconsideration of the last species causes me to refer it to the SDecies‘
pulchellus, a name proposed by Mr. Hartt in cataloguing the species of
the St. John Formation (Buil. U. S. Geol. Survey, No. 10, p. 24).

MICRODISCUS SPECIOSUS Ford.
Plate xvi, figs. 3, 3a-c.

Microdiscus speciosus Ford, 1873, Amer. Jour. 8ei., 3d ser., vol. vi, p. 137, figs. vq, b,
Idem, 1877, Same journal, vol, xiii, p. 141,

Original deseription.—*Ilead destitute of eyes and sutures, semi-ellip.
tical, with a conspienous border all around, thickened at the edge, whicl
in the majority of cases carries from five to six minute tubercles on each
side; border expanded in front. Glabella long, conical, prominent,
smooth, without neck furrow, extending in an obscurely triangular pro-
Jection slightly beyond the posterior outline, separated from the cheeks
by rather wide and deep dorsal furrows, sometimes, though only in very
rare instances, obscurely lobed by from three to four faint furrows on
each side. Cheeks convex, prominent, well defined by the dorsal and
marginal furrows. Posterior angles narrowly rounded.

“Thorax with four equal segments. Pleurw pointed, straight except
at their extremities, which are bent down and slightly recurved, deeply
grooved for nearly their whole length. The rings of the axis havea
slight groove across them in the posterior half of each. The fourth or
hindmost ring appears to be anchylosed to the pygidium; at least, it
invariably accompanies it when the Iatter is found isolated.

“Pygidium as long as the head and of, nearly the same shape, but
slightly narrower, taking the extreme measurements and more rapidly
tapering, gracefully curved in ountline. Marginal rim distinct all armm(}'
widest anteriorly, distinctly raised or thickened at the edge. AXS
conical, sometimes acutely so, long and slender, extending very nearly
to the margin, divided by faint cross furrows, directed slightly back-
ward into cleven rings or segments. Side-lobes highly convex and with*
out furrows. The axis and side lobes appear to overhang the margind
rim at the posterior extremity, giving the border the appearance of being
only about half as wide behind as it is in front. _

“The entire surface is finely punctate. In one specimen of the prgid:
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waLCOT™
at of a large number of perfect specimens examined, there ap-
ium,‘ Oto e a twelfth ring in the axis.
}ef:lsen“th of a specimen of the usual size with all the parts in place,
Ooimperfecﬂy preserved to be figured, half an inch. Length of
bat to. 0.13 of an inch. I havescen but a single specimen showing con-
thm"ﬂ-‘\’] 'the true number of thoracic segments. This species had the
c]us'l; i)g rolling itself up into a bally and is quite often found in this
habl In the ‘specimen just noticed, the pygidium is bent slightly
Stﬂ:ﬁ} the body. Nearly all of the specimens that I have seen that
:1:1.(. in a perfect condition before extraction, exhibit this tendency to

coil themselves up, which appears to account for the thorax breaking

away in most cases.
« This pretty little trilobite occurs in both even-bedded and conglom-

erate limestones of the Lower Potsdam at Troy ; also, at Bic Harbor,
Canada, where it has been collected by Mr. T. C. Weston, of the Geo-
Jogical Survey of Canada. The Troy specimens were collected by the
writer. It is a rather common fossil at Troy, the head and pygidium
usnally oceurring detached from the thorax. The head sometimes
attains a length of 0.38 of an ineh, but this is quite unusual.

«This species closely resembles Microdiscus punctatus (Salter), from
the Menevian group of Wales (Quart. Jour. (reol. Soe., Aug., 1864, p.
237); but it differs from that species in not possessing a neck spine, in
the greater number of its caudal rings, and in having the marginal rim
of the head tuberculated. The head, compared with that of Miero-
discus Dawsoni, from the St. Johu group of New Drunswick (Acadian
Geology, Dawson, 1868, p. 634), is proportionally longer, and is want-
ing in the grooves of the border of that species.”

Mr. Ford subsequently discovered more perfect specimens than those
from which the above description was drawun, that proved that the
thorax was composed of three segments, also that the posterior segment
was not anchylosed to the pygidium.

The pygidium of Microdiscus pulchellus Hartt is of the same type as
that of 1. speciosus, and it has eleven rings on the axial lobe.  The head,
however, varies materially in the possession of a strong nuchal spine,
crennlated border, and in the proportions of the glabella and cheeks.

M. speciosus is not a rare form at Troy, although not occurring in as
great abundance as M. lobatus.

Formation and localities.—Middle Cambrian. Conglomerate and even-
beddeq limestones, on the ridge east of Troy, New York; also, at Bic
H‘"'UOI‘, Canada.

Micropiscus Meek1 Ford.
Plate xvi, fig. 4.
Microdiscus Meeki Ford, 1876. Amer. Jour. Sei., 3d ser., vol. xi, p. 371.
0‘,01’.?9 inal description.—« Head broadly rounded in front, nearly semi-
Alin outline, greatest width at about the mid-length, slightly narrowed
(881)
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in passing backward from this point to the angles. Glabella COnicy)
about two-thirds the length of the head, with two straight, m"del‘&tel\:
deep furrows extending all across, dividing the glabella in advaneg (;f
the neck farrow into three parts of nearly equal length. Neck furrey,
extending all across and deeper than the other glabellar furrows, The
form of the neck segment cannot be clearly made out, owing ¢ the
damaged condition of the specimen at this point. Dorsal furrow,
narrow, not deep, dying out toward the front of the glabella. Clleeks
prominent, much swolier: in the posterior third, without eyes or sutures,
Marginal rim well defined all around, widest in front, with a conspiey,
ously raised edge, inside of which there is a nearly flat or feebly cop.
cave space, and so bent upward in front as to give to the head, op
side view, a kind of slipper-like appearance. On either side of thg
bead, just inside of the raised marginal edge, there are three sma)
tubercles situated within the limits formed by a line drawn acrogs
the head through the middle of the cheeks and another drawn paralle]
with it just in advance of the front of the glabella.

“Greatest width of the head, one and one-half lines; length along
the median line, including the neck segment, the same. Differs from
Microdiscus (Agnostus) lobatus Hall (Pal. N. Y., vol. i, p. 258, pl. Ixvii,
figs. da-f), from the same locality, in its shorter and transversely fur-
rowed glabella, its tuberculated margin, and in its general proportions.”

The figure illustrating this species was drawn by Mr. Ford from the
type specimen, which is the only one yet known of the species.

Formation and locality.—Middle Cambrian. Conglomerate limestone,
on the ridge east of Troy, New York.

Microbpiscts LoBATUs Hall (sp.).

Plate xvi, figs. 1, la, b.

Agnostus lobatus Hall, 1347, Pal. N. Y., vol. i, p. 258, pl. Ixvii, figs. 5 a, f.
Microdiscus lobatus Ford, 1873.  Amer, Jour. Sci., 3d ser., vol. vi, p. 135, foot-note.

Original description.—¢ Minute, trilobate, with a narrow border around
the base and sides; middle lobe often with a small tubercle near its
larger extremity.

“This species bears considerable analogy to the Swedish specimens
from a similar geological position, but they are not identical. Our spe-
cies is always smaller, and I have never seen the small node or tubercle
at the base of the central lobe; but it presents a similar character on
the other extremity. All our specimens have the appearance of the
caudal shield of a small trilobite, and two or three individuals are ap-
parently articulated.”

The head is convex, bordered all around by a strong marginal rim,
and without eyes or facialsutures. Glabella prominent, cylindro-conical;
in the greater number of examples there are no traces of glabellar fur-
rows, but in others the furrows are indicated by slight indentations
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Jlose dow by the.la;;?ral. margigs; in some specimens there is one for-
ro% that cuts entirely across above the well-deﬁnfad occipital furrow,
and in sowe & second furrow, so that the glabella is divided into three
Jeatly equal lobes py t-lf.le two Well-lonarked tr.ansverse furrows; the form
of the glabella also varies fr'-om_cy.lmdro-c(.)mcal to semi-cylindricai, and
the outlive of the head varies iu its relative length and breadth. The
cheeks are st-rox.lgl y convex and arch over to the rounded groove within
the marginal rim. Occipital segment strong and rising at the centers
almost to a point or node.

Thorax unknown.

Pygidium strongly convex, bordered by a rounded rim; axial lobe
promineut-, divided into three equal segments and one more clongate
terminal portion by three well-defined transverse farrows; lateral lobes
marked by three principal furrows and three slight furrows correspond-
ing to the pleur_al grooves of the thoracic segments.

A peculiarity of the head, in sowme of the specimens, is interesting, as
it points to & feature more fully developed in the genas Shumardia
(Billings, 1862, Pal. Foss., vol. i, p. 92) and the closely allied genus
Conophrys (Callaway, 1877, Quart. Jour. Geol. Sovc., vol. XXxiii, p. 667):
it is the presence of two minute depressions running outward from the
dorsal suture opposite the anterior end of the glabella, the space be-
tween them being connected with the glabella by a low ridge erossing the
dorsal suture. This character is spoken of under the genus Microdiscus,

The small heads of Microdiscus speciosus appear much like those of
J. lobatus, but they differ in form and the pygidia are entirely difler-
ent.  The most nearly related species to M. lobatus known to me is M.
sculptus Hicks (Quart. Jour. Geol. Soe., vol. xxvii, p. 400, pl. xvi, figs.
9, 9a, 10, 10a). The figures of I sculptus are not very clear, and no
description is given, but, with the means of comparison we have, the
two appear to have many points in ¢common,

LFormation and locality.—Middle Cambrian. Conglomerate limestone,
ou the ridge east of the city of Troy, New York.

MicroDISCUS PPARKERI 1. SP.
Plate xvi, figs. 2,2a.

Head and pygidium gubegual in size and form, strongly convex, and
with a narrow, prominent, median lobe.

The marginal bovder of the head is narrow; glabella narrow, elongate-
conical, and reaching to the anterior border, without transverse furrows
except an indication of a shallow dceipital groove ; cheeks convex but
Ot timid 5 posterior margin with a narrow groove inside the margin.

}}'ithout eyes or facial sutares.

Thorax unknown.

Pygidium with a narrow marginal rim; medium lobe.na_rro“'; i
conical, and exten ding to the posterior groove just wtthm the margin;
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divided by transverse furrows into eight or nine rings; l_ateral lobey
marked by six or seven ribs that extend out to the margin, Surfa%
racters unknown.

ch;‘his species is very closely allied to . sculptus Hi(_zks (Quart, Joup,
Geol. Soc., vol. xxvii, p. 400, pl. xvi, figs. 9 am.l 10), from the Long.
mynd Group, It differs somewhatin the proportlons'of the glabella apq
pygidium, as far as may be jud ged from the figures given of Jf. sculptys,

The specific name is given from the name of the quarry where ty,q
greater portion of the Georgia fauna of Vermont h.as been found. T,
present Noah Parker’s father discovered the trilobites that were sent t,
the Rev. Z. Thompson, who forwarded them to Prof. Hall. They werg
then described, and one, Olenellus Thompsoni, was named after My,
Thompson. I wish to connect the name of the original discoverer of tho
locality with the fauna and the locality. The quarry is now knowp ag
Parker’s trilobite quarry and is located about one mile north of Georgia
Plains post office.

Formation and locality.—Middle Cambrian, Georgia Iformation. Par.
ker’s quarry, township of Georgia, Franklin County, Vermont.

Genus MESONACIS Waleott.

(négoc, widdle, and axie, point, spear,)

Mesonacis Walcott, 1885, Amer. Jour. Sci., 3d ser., vol, xxix, p. 328, figs. 1,%.

Type of the genus Olenellus Vermontana Hall, the generic characters
are given under the description of the species. The genus is referred
to the family Paradoxidie and is regarded as occupying, in classification,
a position betsween the genera Paradoxides and Olenellus.

MusoNACIS VERMONTANA ITall (sp.).
Plate xxiv, figs. 1,1a, b.

Olenus Fermontana Hall, 1830, Twelfth Ann. Rep, N. Y. State Cab, Nat. Hist., p. 69, fig-
2; Pal.N. Y., vol.iii, p. 527.
Barrandia ermontana Hall, 1860. Thirteenth Ann. Rep, N, Y. State Cab. Nat. Hist., p.
7. Idem, 1861. Geology of Vermont, vol. 1, p. 370, vol. ii, pl. xiii, fig. 2.
Paradorides Vermonti Emmons, 1860, Manual of Geology, p. 280, note A.
Paradorides Vermontana Barrande, 1361.  Ball. Soe. Géol. de France, 2¢ sér., t. xvii,
. 277, pl.v, fig, 8.
Paradoxides Vermontana Billings, 1861,  Geology of Vermont, vol. ii, p. 950, 1863.  Geol-
ogy of Canada, p. 953, '
Olenellus Vermontana Hall,1862. Yifteeuth Aun. Rep, N.Y.State Cab. Nat. Hist., p-
114, (Generic name Olenellus proposed.)
Olenellus Vermontana Billings, 1865. Pal. Foss., vol.i,p. 11.
Olencllus Vermontana Whitficld, 1884. Bull. Amer. Mus, Nat. Hist., vol. i, p. 152
(Referred to Olenellus Thompsoni, )
Mesonacis Vermontana Waleott, 1885, Amer. Jour. Sci., 3d ser., vol. xxix, p. 328, figs
1,2
The original description of the species is as follows: |
“General form elongate; the posterior extremity obtuse. Head semi-

oval, twice as wide as long, the posterior angles produced in short acute
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gpines: Eyes Dnarrow, elongate; the space from the center of the head
., tho outer margiu of 'the eye much greater than the cheek, and the
distance from the anterior angle of the eye to. the frontal margin less
than the length of the eye. G_rlabel'la lobed ; hypostoma broad oval,

«ThoraX imperfect, prfaservmg SIX articulations and part of the sey.
enth; the middle lobe wider than thc} lateral ones. The third articula-
tion 1 much broader fzowards and ?w its 1a'teral margin and is prolonged
ohliqlﬂ'ly downwards in a sharp 's;)me., .\\'hlch reaches below the seventh
articulation the ¥atera-l extremities of the other articulations produced
in short, acute spines. -

«Another fragment, which is apparently of the same species, preserves
eleven articulations of the thorax and the pygidium. The upper artie-
alations are imperfect at their extremities; the last one is bent abru ptly
downwards, and terminates in a long spine on each side reaching below
the pygidiam. Pygidium semioval; the axis marked by four annula-
tions, the two upper of which are faintly indicated in the lateral lobes.

«This species differs from the preceding in its proportionally narrower
form, the relative proportions of the parts of the hiead, and the short,
acute posterior spines. The comparative width of the middle and lateral
lobes of the thorax is a very distinguishing feature.

i Geological position.—~ In the shales of the upper part of the Hudson
River group.”

The fragment of the thorax and pygidinm described above proved, on
subsequent examination, to be a portion of Bathynotus holopyge (Thir-
teenth Ann. Rep. N. Y. State Cab. Nat. Ilist., p. 339), which lett the
posterior portions of 0. Vermontana undescribed.

No further information of the species has been published to date.
Mr. Whitfield (Bull. Amer. Mus. Nat. Hist., vol. i, p. 152) says: “On
a critical examination of these forms and comparison with the different
sizes of 0. Thompsoni in the collection, 1 find that the distinetive feat-
ures of 0. Vermontana become less and less marked and become merged
into those of 0. Thompsoni as the specimens increase in size, and L am in-
clined to think the two species represent only different stages of growth
or development of one form.” Ile also figures on plate xv three speci-
mens of 0. Thompsoni as 0. Vermontana.

The species is of rather rare occurrence. During the summer o‘i‘ 1883,
}he writer obtained one specimen, and two more the following year.
They were associated with Olenellus Thompsoni. Mr. Tdward ITurlburt,
of Utica, New York, collected at the same locality, and fortunately found
A very perfect specimen with its matrix; the latter was secured for the
National Museum collections, and a cast taken from it which is the orig-
::;:}(;?f the figure on plate xxi.\'. Mr. Hurlburt kind‘ly loazﬁg ;3‘1’02:::’;
'lQSCP'inel'l f01.' study, aud from it and three other specimens

ption is drawn:
thfﬁ?ﬁpﬁon' —General form nArTow, clongate, tapering gradually from
S of the bead to the pygidium.
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Head three-tenths the length of the entire animal; l_ength and bl‘eadt]
as 3 to 43, Margin bordered Ly a narrow, roun.ded rim that is continue(i
at the gc;nal angles as comparatively short a-clcula.te spines ; DOSterigy
side transverse to the pleural angle,! where it bends obliquely forwyy,
to the genal angle, a small short spine marking the pleural angle, Gla.
pella elongate, of nearly the same width throughout, and markeq by
four lobes, the anterior of which is large, subcircular, and more (y ]QS‘S
convex; the three posterior transverse lobes are of nearly equal size,
the first and second being confluent at their extremities and uniting with
the anterior end of the palpebral lobes; occipital segment rather brogg
and not well defined from the glabellar lobes preceding it. Byes clop.
gate, narrow, and arching from opposite the anterior glabellar furroys
back to a point opposite the second posterior lobe of the glabella and yt
a little distance from the dorsal furrow. Fixed and free checks no
definitely separated anteriorly ; back of the eyve the facial suture extends
obliquely outward, cutting the posterior rim of the head at the pleural
angle. Tree cheeks large, roughly subtriangular.

Thorax elongate, tapering gradually to the pygidium ; segments, 26;
the two anterior segments arch slightly forward and terminate abruptly,
the postero-lateral angle of the pleura being produced into a short back-
ward-pointing spine; the third segment has its pleural Jobes greatly de-
veloped in width, and terminating in a strong spine on the same plane
as those on the two anterior segments; the 14 segments back of the large
third segment are uniform in character, decreasing in breadth, but hav-
ing the geniculated portion of the pleural lobe increasing in length and
size; the fifteenth segment is deeper than the fourteenth on the axial
lobe, but the pleural lobes are much shorter, and a long acicular dorsal
spine arises at the center of the axial lobe and extends back over the
succeeding 11 segments to the pygidium or beyond; the 11 posterior
segments are smaller and appear to have been of a more delicate texture
than the anterior 15 segments. The pleural groove of the lateral Jobes
is broad, flat, and continued outward beyond the genal angles to the
union of the two margins of the segment to form the terminal spine or
point.

Pygidiumn small, ovate, terminating in three points posteriorly ; the
axial lobe occupies all the central portion, leaving a narrow pleural lobe
on each side; posterior margin concave between the outer terminal
points, and with a slight point at the center.

Surface of the entire body, except the free cheeks, very finely gran-
ulose under a strong magnifier; from the base of the eyes, irregular
venulose lines radiate towards the outer margin.

Obscrvations.—The genus appears to be one intermediate between the

genera Paradoxides and Olenellus, or a form in which the character-
i

l?he pleural angle is the angle of the posterior margin of the head, opposite the
geniculation of the pleural lobe of the thorax. )
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WwALOOTT: )

< of paradoxides are changing into those of Olenellus, the head
o first 14 segments Leing in all partieulars the type of Olenellag
pygidinm and 10 posterior segments more the type of Pami
the fifteenth segment represents the telson of Olenellus Thomp-

jsti
a.]]{l tll(‘:
and the
d()_\'idcs ]

ni. . .
30 Under remarks on the genus Olenellus, the relationships to that ge-

pus are mentioned, and we will next counsider the body of Mesonacis
pack of the fourteenth segment, ' _

The fiftcenth segment fits snugly up against the fourteenth ; the axial
Jobe is strong and supports the base of ’u‘]uug, slender spine that, as
now prcser\'ed, extends back to tl}e pygidinm; the base of the spine
originates on the dorsal sm"fucc of t-he segment and also extends back
so as to include the posterior margin, and causes the latter to eurve
back towards the center; the lateral pleure of the segment are short,
and in their structure are diminutive representatives of the large pleare
of the segments anterior to the fifteenth.

The succeeding eleven posterior segments appear as though formed
of a more delicate test than the anterior portions of the body, as they
are much more Hattened and compressed than the latter and the plen-
ral grooves are almost obsolete. The pygidium ix also small and deli-
cate,

The body back of the spine-bearing segment appears as though be-
longing to a different animal, and looks more like thit of a Lemopleu-
rides than cither Olenellus or Paradoxides, but, on a close examination,
the pygidium is found to be much like that of Paradovides rugulosus,
and the free pleare bend back as in that species.  (Compare fig. 16 of
plate xxiv with fig. 2 of same plate.)

Comparison with other genera and species—The form of the head is
similar to that of Olenellus Thompsoni, except that in the less com-
pressed examples it is not proportionally as broad; this may be also
said of the entire body. The genal spines are more slender and the
frontal glabellar lobe is closer to the anterior margin.

Among the desceribed species of the genus Olenellus some specimens
0[" the head of 0. Gilberti approach very closely to that ot Mesonacis
l"c.’rmunmm, and 1 was surprised when 1 found that the former did not
Prove to be generically or specilically related to the latter.

We do not find among the American species of Paradoxides forms to
compare with either Olencllus or Mesoniieis, except in the outline of the
posterior margin, as mentioned under the genus Olenellus.  Lurope
RIVEs one from Sweden, 1. Ljeralfiy' the head of which shows other feat-
lu‘t:'s common to Olenellus and Mesonacis, as meutioned under the de-
SCription of the former genus.

._I.I]Elc contour of the adult form of the head, P. spinosus, . Sacheriy?

"Otver.

si_;;'-i__l:._—é\‘.e_n-ﬁll:-{’t!t.-;\li:l l. Forband. N:o 6 . 700, Tafh xvi, Ggs. 1, 2
Stockholln, 1871, l |

2 ::
Syst. Sil. Bohéme, vol. i, 1852,

Bull. 30——11 (887)



http://www.geology.19thcenturyscience.org/books/1886-Walcott-CambrianFaunas/README.htm

162 CAMBRIAN PAUNAS OF NORTII AMERICA, .

&e., may be compared with the species under consideration, The o
bella and the eye lobes vary from all except D, Kjerulfi. 54,

The thorax has already been spoken of in the remarks followiug the
description.

The denticulated form of pygidium in the genus Paradoxides wity, twp
terminal points is shown in the pygidia figured by Mr. Matthew! firon,
the St. John group; and on the pygidia of P. rugulosus Corda, p, Fa
elli Barrande, I. expectans Barraude, and P. Oclandicus Linnarson, fouy
terminal points occur, as far as can be determined. The one specimey,
showing the pygidium of M. Vermontana has three terminal points, ope
central and one on each side.

Under the general remarks on the genera Olenellus, Mesonacix, and
Paradoxides, the generic relations of JMesonacis Vermontana ave stj))
further discussed. :

Formation and locality, —Middle Cambrian, Georgia Formation. Parl.
er’s quarry, township of Georgia, IFranklin County, Vermont. Speei.
mens corresponding to the head of this species occur at Bonne Bay,
Newfoundland, and L’Anse au Loup, on the north side of the straits

of Belle Isle.
Genus OLENELLUS Hall,

Elliptocephale Emmons, 1846, Agriculture of New York, pt. 5, p. 65, figs. 1-3.

Elliptocephalus Emmons, 1855, Awer, Geol,, pt, ii, p. 114,

Elliptocephalus Marcou, 1560, Proc. Boston Soe. Nat, Hist., p. 371,

Olenas TTaldl, 1850, Twelfth Ann. Rep, No YL State Cab. Nat, Hist., p. 59,

Qlenns Mareon, 1320, Bull. Soc, Géol. de Franee, 3¢ sér,, £, ix, p. 25.

Barrandia 11all, 1260, Thirteenth Ann, Rep. N, Y. State Cab, Nat. Hist., p. 115, Idem,
I=61.  Geology of Vermont, vol. i, p. 369,

Paradorides Emmons, 1260, Manual Geol., p., 280,

Paraderides Barrande, 1861 Bull. Soc. Géol, de France, 2¢ sér., t. xviii, p. 277,

Paradorides Marcon, 1862, Proc, Boston Soe. Nat, ITist., p. 245,

Paradoxides Billings, 1361, Geol. Vermont, vol, ii, p. 950, [Idem, 1863,  Geol. Canada,
p- 953, ,

Olenellus all, 1562, Fifteenth Aun. Rep. N, Y. State Cab, Nat, Ilist., p. 114.

Olenellus Marcon, 1562, Pamphlet, p. b, Cambridge, Mass,

Olenellus Billings, 1865, Pal. Foss., vol. i, pp. 11, 365,

Olenellus Ford, 1877, Amer. Jonr. Sei., vol. xiii, p. 265,

Olenellus Whitfield, 1834, Bull, Amer. Mus. Nat, Hist., val, i, p. 161.+

Olenellus Walcott, 1831, Monographs U. 8, Geol, Survey, vol, viii, p. 23,

Dr. Emmons originally placed a species of this genus nnder the ge
neric name of Elliptocephala (1816), considering it 2 new generie form;
subsequently (1855, Amer. Geol, p. 114) he ealled attention to the
similarity of the name to Ellipsocephalus (Zenker, 1833), hut concluded
“to retain it for the present.” More recently the name Llliptocephald
bas been recognized (Olenellus (Elliptocephalus) asaphoides, Ford, Amer:

Jour. Sci., 3d ser., vol. xiii, p. 265, 1877), but I think without good rea-
s

! Trans. Roy. Sve, Canada, vol, 1, pl. x.
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<on, A it differs oply. by an error of spellin gtfrom Zenker’s genus Ellip-
<ocephalus, the elliptical form of the head being the basis of each name.
" The following is theoriginal description of the genus Barrandia Hall,
qfterwards changed to Oleunellus Hall:

¢ «General form broadly ovate or elongate-ovate, distinctly trilobate.
C-vph“-“c <hield broad, Sf)mewhat- _sem'xcirculur; the width more or less
than twice the len gth, W-lﬂl the p'ostcrror angles projecting in long spini.-
form points; the 1)03’51:01‘101' margiun is nearly straight or slightly concave,
with 2 slight sinuosity at the f;)uter angle just within the cephalic limb;
the auterior and lateral margins have a thickened or elevated border,
within which is a well marked groove or depression of the crust. The
oJabella is well pronouuced, of nearly equal width throughout, or slightly
;;muwing aud rounded in front; marked by three pairs of furrows (per-
paps from two to four), the posterior one of which is nearly or quite con-
tinnous across from the posterior angles of the eyes. The facial suture
has not been fully determined, but appears to extend in a curving line
from the front margin to the anterior angle of the eye, and from the
posterior angle of the eye it turns abruptly outwards towards the pos.
rovo lateral angle-of the cephalie shield.

“ Byes large and well developed, elongate semilunate, extending from
near the base of the shield more than half way to the anterior margin.
lypostoma broadly ovate, little longer than wide.

“Thorax composed of 13 or 14 articulations, the axis being moder-
ately convex and usually much narrower than the lateral lobes (and
sometimes apparently marked by a row of nodes or short spines along
the summit).  Lateral lobes nearly flat; the ribs, to about the eighth or
ninth, extending almost rectangularly, or slightly inclined from the axis
for one-third to oune-half their length, where they are bent abruptly
backwards, The third segment is stronger and much more prolonged
than the others. The last segments of the lateral lobes are produced
direetly backwards, or sometimes a little convergent below.  Tho seg-
ments of the lateral lobes are marked by a broad longitudinal furrow
nearly parallel to the anterior margin; leaving an abruptly elovated
ridge or border upon that side as faras the geniculation of the segment,
where the groove runs along the center, dying out on the recurved ex
tremities,

“l-’_}'{;i(lilllll disti"ct, narrow, l‘l(lllgilt(‘(l, thoe axis narrow and 8(:[1120])7
bointed; without rings? Lateral lobes narrow or obsolete, and free
from transverse ridges or furrows.”

The direction of the facial suture is left in doubt. Tor the t“.rpe
Species 0, Thompsoni, Prof. Whitfield has shown it as though passing
from the posterior end of the eye obliquely und almost directly back to
l!w bosterior margin (Bull. Amer. Mus. Nat. His., vol. i, pl. xv, fig. 1
From the examination of a Jarge number of well preserved specimens,
Lam leq o think that the sutures represented are accidental Lreaks
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and not the true sutures, as we inva.riap]y find the line of the Sutyy,
running obliquely outward and terminating at. or v‘ery near the Dleurg
angle. It occurs in this way iu all otber species of the genus iy Whic)
we have observed the suture.

The sutures are shown for 0. Howelli and 0. Gilberti in the same may,.
ner (Expl. and Surv. West 100th Merid., }'ol. i}-’, pt. 1, pL i, figs, 3, 4
but with the type specimens before me I fail to {ind a trace of the Slltuu:
indicated on the specimens of 0. Howelli, and the oue specimen o ¢
Gilberti showing the sutures has them running out to the plenral ayel,
Neither Mr. Meek nor Dr. White speaks of the facial sutures iy
descriptions, so we conclude that the artist in charge of the dr;wrings
traced them in to meet his conception of their positiou,

When studying the variations in the head of 0. Gilberti(= ). lye.
elli, Monographs U. S. Geol. Survey, vol. viii, p. 32), the writer deter
mined the direction of the facial sutures, and found that they varieg
in direction with the configuration of the head, but that they always
terminated at the pleural angle. i

Mr. Ford, in speaking of the suture of 0. asaphoides, says: “The
shield appears to have fractured as casily in one direction as another,
This would scem to indicate that the cheeks were very firmly united at
the sutures in front” (Awmer. Jour. Sei,, 3d ser., vol. xiii, p. 271, 1577),
Ile regarded this as the result of the metamorphoses accompanying
the development of the young, when constant changes were occurring
along the line of the sutures back of the eyes. After once obtaining an
adult size, the test on the line of the sutures appears to have become
strongly united back of the eyes, as in nearly every case the line of
fracture is back from the eye to the margin, as the point of least resist-
ance; and this is probably why the suture of 0. Thompsoni and 0. (il
berti have been represented at that point. In uninjured casts of the
interior of the test of the head, the divection of the suture is indicated
by a slightly raised line from the eye back to the pleural angle.

Pygidium.—To the original description add the word very before
elongate.

RELATIONS OI' THE GENUS TO OTHER GLENLRA.

Professor Hall notes the differences as compared with Olenus and Pard:
doxides (Thirteenth Ann, Rep. N. Y. State Cab. Nat. 1list., p. 114) as
follows:

“When we compare with Paradoxides, we find the cephalic shield
proportionally broader and shorter, while there is no expansion of the
glabella towards the front, nor do the transverse furrows extend en-
tirely across this part, except at its base. This feature and the facial
suture, though indistinet, correspond more nearly with Olenus.

“The smaller number of thoracic segmerits is a distinguishing feat-
ure, and the direction of the segment-furrow differs cs;;eutiul]y. In
one feature, that of the greater development of the third segment, it
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mrrespfmds with P?.rad,:;xides, ;vhere the sccond segment has a greater
d(,_‘.i,_]{,l,ment tllﬂfl the o rers.  In the.ex?:remfs deve.lopment of the pos-
eoments, 10 'one species, there is likewise a similarity with Para-
Josides In the slight (Ifevelopment .of' the pygidium, our fossil corre-
onds in some degree with Paradoxides.”

Ty these differences. may be added that the pleural groove on the
coament of Olenellus is shallower, broader, and less oblique than that
t,f'}‘;u';n]oxide:i. - :

The late Mr. G. Linnarsson considered Olenellus Thompsoni as having
no aftinity to Olenus, but as a true Paradoxides or Anopolenus (Brach.
paradoxides Beds of Sweden, p. 28, Bihang till k. Svensk. Vet.-Akad.
Handl. Bd. 3, N:o 12, 1876).

with the first T am in accord, but, on comparing with Anopolenus
Salterd, as illustrated by Mr. ITicks (Quart. Jour. Geol. Soe., vol. xxi, p.
g8l fime 1, 1863), 1 fail to recognize the characters uniting the two
forms. The remarkable developmeng of the posterior portions of Anop-
olenis and the peeuliar glabelly and eyes serve to distinguish it as a
distinet genus from Paradoxides and Olenellus; and with Paradoxides
there are the differences given by Professor Iall and the writer (ante);
but, as stated by Mr. Ford, the adult form of' 0. asaphoides as known
to him difters only in one feature from the structural peculiarities
grouped under the genus Paradoxides, and that is the segment turrow
or plenral groove.  To this T think we may now add “and in the elon-
wate, simple telson or pygidium.”

One marked peculiavity is that the extended pleara of Olenellus
ocenrs on the third, while that of Paradoxides is on the second, segment
of the thorax.

terior S

RELATIONS OF TIIE GENERA PARADOXIDES, MESONACIS, AND OLE-
NELLUS,

As mentioned nnder the deseription of the genus Mesonacis, that
genns s regarded as intermediate between Paradoxides and Olenellus,
ora Jorm preserving typical features of each genus,

Mesonaeis is distinguished from Paradoxides by the character of the
!lh'-lll‘:ll groove of the segment, the presence of a dorsal spine on a mod-
Hied form of segment on the fifteenth segment of the thorax, and the
rawing in of the eve, especially of the posterior end towards the gla-
bella. ' points of resemblanee are the configuration of the head, the
t.\‘pt: of the segments (exeept in the pleural groove), and the form of the
bygidium,

The features of the head and thorax of Mesonacis, back to the fifteenth
Segment, e in all details essentially those of Olencllus, but the py-
sidiumg belongs to a different form and the eleven posterior segments
Abbear to g0 with the pygidium rather than with the anterior portion
of the thopqy, e

The beads of young specimens of Olenellus Gilberti and those adults
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preserving embryonic characters, show{in the p'osition of the eye ayg
the run of the facial suture to the posterior margm,‘fea.tures commoy, ¢,
the genus Paradoxides. The eyes of P.rugulosus Corda and the gy,
of Paradoxides from the St. John Group of N’exfr Bl‘llllb‘\-\'lck approag,
the glabella at their anterior end, as also . Ijerulfi Linoarsson, 1,
the posterior end is distant from the glabella, as Seen 1n the typieq
forms of the genus. In the normal adult of all species of Ulenellyg ang
Mesonacis known to me the eye is drawn in close towards the glabe)),
at both ends and the suture curves out to cut the posterior margin o
the pleural angle, as in Paradoxides, whether that angle be Preserveq
or absorbed in the straightening of the margin.

Although Mesonacis is found at the same horizon as Olenellus, I ye.
gard it as showing the transition from Paradoxides to Olenellus, A
Paradoxides-like form first takes the characters of Olenellus in a degree
by baving & spine originate on the fifteenth segment; then the body
was shortened by the absorption o‘t' the pygidium and eleven posterior
segments, until the clongate telson of 0. Thompsont is the only repre-
sentative of the parts lost in the transition.

Prof. Whitfield in mentioning the telson says: “There is not the slight-
est evidence of any lateral lobe or expansion, or anything analogous to
this part as seen on other genera, and the median ridge shown upon the
specimen figured, as above referred to, does not always exist. On one
specimen the fourteenth axial ring looks almost as if it might have
formed an anterior lobe or ring of the telsou; but in others it is seen to
Le distinctly separate and articulated, as are the forward axial rings to
each other. This feature of the pygidium is so distinctive among all
other trilobites that it alone would serve as a generic distinction, and
if’ the condensation of parts indicates development of organization this
form would appear to be below even the Paradoxides, and should pre:
cede it in age.”

From our present knowledge of these forms we reverse the applica
tion made above and regard the telson as representing the condensed
parts, and the form as higher in organization and succeeding Paradox-
ides in time.

Mr, Ford considers the relationship between Olenellus and Paradox-
ides one of genetic character (Amer. Jour. Sei., 3d ser., vol. xxii, P 257,
1881), and that Olenellus is a later and higher form than Paradoxides.

We assent to this, and add that Olenellus js the representative of the
group of Paradoxides of the Lower Cambrian in the Middle Cambrian,
and expresses, in one of its species at least, the decadence of that branch
of the type. The example is 0. Gilberti, where, in the retention and
great development of the embryonic stages of growth by adult jndivid-
uals, we have an example of the loss of power in the Jarger number of
the individuals of a species to develop to the adult form. In other
words, it is an. instance of retrogression towards the earlier forms of the
family to which it belongs.
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OLENELLUS THOoMPSONI Hall,
Plate xvii, figs. 1,2,4,9; pls. xxii, xxiii, fig. 1.

s Thompsoni Hall, 1859. Twelfth Ann. Rep. N. Y. State Cab. Nat. Hist., p. 59,

Olentt fig. 1 on p- 60; Pal. N. Y., vol. iii, p. 525.

parrandic Thompsoni Iall, 1860. Thirteenth Ann. Rep. N. Y. State Cab. Nat, Hist.,

. 116.

Pm.adozi]r}e:}hompsoni Eminons, 186(?. Manual of Geology, p. 280, note A.

paradoxides Thompsoni Barrande, 1861. Bull. Soc. Géol. do France, 2 sér., t. xviii,
p. 276, pl. v, lig. G.

ides Thompsoni Billings, 1861. Geology of Vermont, vol. ii, p. 950,  Idem, 1863.

Geol. Canada, p. 953.

paradoxides macrocephalus Emmons, 1860. Mannal of Geology, p. £3, fig. 70,  On the
preceding page, fig. 70 is referred to as Paradorides asaphoides; but from the

figure there is little doubt that it was taken from a specimen of 0, Thompsoni.

Olencllus Thompsoni Hall, 1862, Fifteenth Ann. Rep. N, Y. State Cab. Nat. Hist., p.
114. Generic uame Olenellus proposed. .

Olenellus Thompsoni Billings, 1865.  Tal. Foss., vol. i, p. 11.

Olenellus Thompsoni Whitficld, 1221, Bull. Amer. Mus. Nat. Tist., vol. i, p, 151, pl.
xv, figs. 1-4. .

Parado¥

The original description of the species is as follows:

“General form ovate, the length and breadth Leing nearly as six to
five. Head broad lunate, with the postero-lateral angles much ex-
tended; the width from the center to the outer margin of the eye almost
equal to the width of the cheek. Ilyes (which are much erushed in the
specimen) elongate semi-oval, equal in length to the space between the
anterior angles and the froutal margin; glabella distinetly lobed, nar-
rower in front.

“Thorax with the lateral lobes about onee and a half as wide as the
middle lobe, consisting of fourteen articulations, the thivd one of which
is much longer than the others, and curving downwards with an exten-
sion reaching as far as the line of articulation of the seventh rib. The
posterior articulations are bent abruptly backwards, so that the free
extremities are parallel with the axis. Pygidium small, pointed, with-
out visible rings and having a narrow ridge running down the eentre.”

Prof. Iall revised this description in proposing the generic name Bar-
andia. (See description under Olenellus, ante, p. 161.)

In 1884 Prof, Whitfield gave a deseription of the direction of the facial
sutures and figured examples of the species that proved the pygidiam
tobe as given in Prof. Hall’s second figure (Thirteenth Auwn. Rep. N.
Y. State Cay. Nat. Hist., p. 116, 1860) and also much more prolonged.
Prof. Whitfield’s reference to the specimen “figured in 16th Rep. State
Cab.» probably refers to the figure in the fiftecuth report.
fOlFl)]:u;] :t:ll:lie's of this speci_e_s pro'vq .t.hut thcrc.is a nar{-fowfa}ngi‘gﬁa;}
it a,t show n. h,\.r plates xxii and x:.cm; a.ls.o, (]l‘tlt@ fz ran,.e? m)

on.  This is shown by Prof. Whitfield’s group of figures (Bull.
3m°r° Mus., pl. xv), where he refers specimens varying in form to
lenellus (= Mesonacis) Vermontana.
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Quite a marked variation oceurs in two heads from near Swantqy,

Vermont. It isin the greater breadth of the marginal rim, ag show
fig. 1 of plate xvii. Other characters of the species are given unde
marks on the genus of which 0. Thompsoni is the type.
Formation and locality—Middle Cambrian, Georgia formation, i
the argillaceous shales of Parker’s quarry, township of G"‘-‘“‘gia; cast o
. " L A i
Swanton, on the Bullard farm; west of St. Albans, in the outskirts of
the city; in the massive magnesian liinestones west of Parker's quaryy
i - i . " _ oy
and also about one and one halt iles east of the hotel at “"a"llgillc
Springs, Vermont. Mr. Billings cites the species from Bmme Bay, Ne.
foundland; L'Anse au Loup, on the north shore of the Straits of Belle
Isle; and the conglomerate limestones of Bic Ilarbor, on the St. Ly,
rence River, below Quebec.

5 3
n nl
I re.

.

CLENELLUS ASAPIIOIDES Emmons, sp.
Plate xvii, ligs. 4=3, 105 pl. xx, figs. 3, 3¢, b pl. xxv, fig. 8.

Llliptocephala asaphoides Fanmons, 1241 ‘Taconie 8ystem, .21 figs, 1, 2, 3, 1546,
Agriculture of New York, vol. 1, p. 65, figs. 1, 2, 3.

Olewi asaphoives Hall, 1817, Pa.. No Y. voll i, po 256, pl. Ixvii, figs, 2a-¢.  Idem,
Fiteh, 1=40. Trans, NUYL State Ag. Soc., vol. ix, p. ¥65.

Elliptocephalus asuploides Fanmons, 1240, Proc. Amer, Assoe, Advt. Sei, vol, |, P
135 idem, 1505, Amer, Geol, vol, |, pt. 2, po 114, figs. 1, 2, 3; pli, fig. 13,

Paradorides asuplioides Ennnons, 1560, Manual of Geology, p. &7, name of fig. 70,
Under the fignre an the following page the name is Paradorides macrocephalns,
and the figure is taken from aw Qlepellus Thompsoni (Baooade, 1861, Bull,
Soe, Géoll de Pranee, 2¢ <ér, toxviil, po 273, pl. v, figs. 4, 5).

Olencllus asaphoides Ford, 15710 Amer. Jonr, Sci., 3d ser., vol, ii, p. 33, Tdem, 1577,
Same jomrnal, vol. xiif, p. 265, [dem, 1373, Same journal, vol. xv, p. 12,
Lden, 15510 Sume journal, vol. xxii, p. 200,

The history of our knowledge of this trilobite may be divided into
two epochs: IFirst, that of the original discovery and description of the
adult form and its connection with the Taconic controversy ; secondly,
that of the description of the embryonic phases of its growth ; the first
extending over a period from 1544 o 1850 and the second from 1871 to
the present time, the period intervening between 1860 and 1871 being
one in which little additional information was gained.

The material upon which this species was founded shows some of the
characters of the head and thorax. The author gives figures of the
head and six segments of the thorax of a large individual, a smaller
crushed head, and a fragment of a thoracic segment. © The same spevi-
mens were subsequently figured in the Palicontology of New York, vol.
1, pl. Ivii, figs. 2a—¢, and accompanied by a description.

Dr. Emmous subsequently obtained a more complete specimen of the
thorax, which is figured on plate i, fig. 18, of his American Geology-
Fourteen segments oceur in the thorax and decrease in size and length
regularly from the head backward, a feature not observed in the other
species of the genus and one that scems to distinguish the species from
the closely related 0. Thompsoni.
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The pygidinm is not shown :? any Tn[‘ Dr. Emmons’s specimens or in
nose obtained by Mr. Ford at Troy, New York. We have not observed
.t in place on the tl‘llol?lf’(‘..‘l}l‘{t [‘mmr f‘mdmg an'elongate telson like that of
0. Thompsont I th'e limestone at Troy assocl.nt_ed with fragiments of 0.
ﬂmrphoide’*‘: it is qn.lte 1)r0bz.1bl.e that the pygidium is of the same char-
acter. The ob_]e(.ztiou to t-lnfq is th‘e broad space at the base of the four-
teenth segment in the specimen ﬂ_gm‘ed by Dr. BEmmons (Amer. Geol.),
and also at the cleventh segment in Mr. Ford’s figure (Amer. Jour. Sci.,
vol. xiii, p. 263, fig. 5, 137 7). The pleura of the segments resemble those
of Mesonacis Vermontana in their curvature rather than the strongly
pecurved plenre of O. Thompsoni, of the eleventh to the fourteenth
segments. The discovery of more perfeet specimens ean alone deter-
mine the number of segments and the character of the pygidium.,

The second epoch in the history of the species we owe to the investi-
gations of Mr. S. W. Ford, who discovered in the limestones at Troy,
New York, a number of minute specimens showing some of the meta-
morphoses of the species.

Two of Mr. Ford’s fienres I have reprodnced, one showing a young
stage, where the body is partiaily developed, and the other the mature
form; illustrations are also given of two very small heads, tigs. 5 and 6,
plate xvii.  Fig. 5 has a length of four-fifths of a millimeter, and fig. 6.
of Laymn, - Mr, Tord calls the spines & @ the interocular spines; these
are absorbed during the development of the animal and also to a great
extent their continuation up on the head; the surface of the latter is
crossed by elevated lines corresponding in position to the glabellar fur-
rows; they appear to indicate the original segmentation of (he heads
most of which is lost by absorption during the subsequent development,
except on the glabella; the connection between the frontal lobe of the
glabella and the ocular somite or segment is beautifully shown.  As far
as can be determined, the thorax is not vet developed in either specimen
represented by figs. 5 and 6. Fig. 8 shows the great development of
t'h(_a third thoracic segment, and also the interocular spines and genal
Spines, which are placed so close to each other in figs. 5 and 6. A speci-
men figured by Mr. Ford shows them separated by a slight ereviee,  Fig.
8 also shows the tendency of the genal angles to extend forward, a feat-
Ure 8o extravagantly developed in O. Gilberti. .

M.i‘- Ford has discussed the meta morphoses of the young of 0. asa-
J‘f"“ffvs in a minute and able manner, and the reader is referred to his
:;;‘I'l:t:‘::if;:mcr. Jour. Sci., 3d ser., vols. xiii, xv, and xxii) for further iv-

uwli:,u: tgwgm.phic range of 0. asaphoides is not yet well determined,

My (l({:te(-)g;um luc.t .tl)at: when in a fr‘agmentary COIldltlm} it is lmpotqml).l(?

vl ¢t the tl]ollcrem:e between it and 0. Thompsoni and 0. Gilberti
! the latter is also without the thoracie segments.

at lf}:n_mt‘.o”' and localities.— Middle Cambrian. In m‘gi.llaccous shales

‘eyuolds’s Inn, northeast of Bald Mountain, Washington County,
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New York. Mr. Ford has also found it iu the limestones on the Tidg,
east of Troy, New York, and also one mile below Schodack Landm
J

New York.
OLENELLUS IDDINGSI Walcott.

Plate xix, fig. 1.

Olenellus Iddingsi Walcott, 1835, Monographs U. §. Geol. Survey, vol, viii, p, og
pl. ix, fig. 12 .

Original deseription.—General outline of the head roughly subtr.
angular, with the length one-half the breadth of the posterior honl@
strongly convex; the rather narrow rounded rim bordering the antey mr
margin buddenl\ becomes thickened and rounded opposite the eyes,
and is extended back in the short, strong, slightly eurved, genal Spines,
the narrow posterior marginal border uniting with it at the genal
angles.  Glabella elongate, narrow, divided by four transverse fu.
rows into five lobes; the anterior is round, tumid, and expanded later.
ally, while the four posterior are narrow, transverse, of equal size, and
with their sides parallel ; oceipital ring and furrow not recoguized; eyes
lunate, situated opposite the central lobes of the glabella. Ifacial
suture in front of the eye unknown ; back of the eye it extends obliquely
outward and backward, cutting the posterior margin about two-thirds
the distance from the glabella to the postero-lateral spine.

*“Thorax and pygidinun unknown.”

A second visit to the type locality of the species resulted in finding
a number of larger heads, but no traces of the thorax or the pygidium.
The most prominent peculiarity of the head is the development of the
genal spines, as seen on slabs of limestone from the Groome District.
Nevada, on which they appear, when broken from the head, like nniicd
valves of a species of Leperditia. From the new specimens we also dis:
cover that the oceipital ring had a low, blunt point at the center of its
posterior margin.

Formation and localities.—Middle Cambrian. Irom a fine-grained.
arenaceous shale near the summit of Prospect Peak, Eureka Districi,
Nevada, and also in limestone at the south end of the Timpal:ute Range.
Bastern Nevada, brought in by Mr. G. X. Gilbert (Geog. and Geol.
Expl. and Surv. West 100th Merid., vol. iii, p. 169, section xviii, 2¢).

OLENELLUS GILBERTI Meeck.

Plate xviii, figs. 1,1a~c; pl. xix, figs. 2, 2a-k; pl. xx, figs. 1, 1a-1, and 4.
Olenellus Gilberti Meck, 1874. (Mauuseript.)
~ Olencllus Howelli Meck, 1874, (Manuscript.)
Olencllus Gilberti White, 1874, Geog. and Geol, Expl. and Surv. West 100th Merid.,
Prelim. Rep. Invert. Foss., p. 7.
Olenellus Howelli White, 1874, Gcog and Geol, Bxpl. and Surv. West 100th Merid.,
Prelim. Rep. Invert. Foss., p. 8. :
Olenus (Olenellus) Gilberti Gilbert, 1875. Geog. and Geol. Expl. and Surv. West 100th
Merjd., vol. iii, Geology, p. 182.
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Olencllus) Howelli Gilbert, 1875.  Geog. and Geol. Expl, and Surv. West 100th
Merid., vol. iii, Geology, p. 183.

enellus Gilberti White, 1875. Geog.and Geol. Expl. and Surv. West. 100th Merid.,
Olene™ oL, iv, p- 44, pl. ii, figs. 3a-c.

s Howelli White, 1875.  Geog. and Geol. Expl. and Surv. West 100th Merid.,
vol. iv, p.47, pl.ii, figs. 4a, b.

¢ Gilberti Walcott, 1_884. Monographs U. 8. Geol. Survey, vol. viii, p.29,pl.ix,
figs. 16,16a; pl. xxi, fig. 13.

Olenellus Howelli Walcott, 1884, 'Mfmngmphs U. 8. Geol. Survey, vol. viii, p. 29, pl. ix,
figs. 15, 154, b, and pl. xxi, figs, 1-9.

In the original notice of this species by Mr. Meek, he compares it
with Mesonacis (0.) Vermontana to show the differences between the two
forms.

Mr. White gives an elaborate description of the head and fragments
of the thorax ; and the writer has described the Enreka (Nevada) forms,
remarking that the differences between them and the type specimens
are almost entirely in the frontallimb, the former having a much broader
space between the front of the glabella and the marginal rim.

Mr. Meek, in describing 0. Howelli, compared it with O. Thompsoni
without giving a description of the parts known. Dr. White gaveade-
tailed description of the type specimens (Geog. and Geol. Surv. West
100th Merid., vol. iv, p. 47), and the writer described them as they oceur
in the Burcka District.

0. Howelli was considered by Mr. Meek as distinet from 0. Gilberti,
and Dr. White and the writer followed his authority. The same speei-
mens were studied by each observer, and it was not until after the writer
had visited the type locality and secured a large colleetion of specimens
that it was shown that the large convex head preserved in the granular
limestone matrix, and named 0. Howelli, was the same as the flattened
heads in the argillaceous shales referred to 0. Gilherti. We now have
a series of heads uniting the characters shown in the typical 0. Howelli
with the typical forms of Q. Gitberti, and, as the latter species comes
first in the order of description, the specific name is retained.

The following is a description of the adult form: Outline of body
ovate to elongate-ovate. The general outline of the head is semi-ellip-
tical or semicireular, and more or less strongly convex.  The margin is
bordered by a narrow, rounded rim, which becomes thickened near
the genal angles and is continued posteriorly in rather short, sharp
spines. The glabella is elongate and more or less expanded in frontand
behing, contracting a little midway; four pairs of glabellar furrows pen-
ctrate from cach side ; they are somewhat strongly impressed on each
lateral third of the width of the glabella, becoming more shallow as
they pass into the less marked furrow that unites them across the cen-
ter of the glabella; in the younger specimens this furrow is umlis.tim
guishable from the lateral furrows, and they all unite as onc distinet
fll}'l‘ow’ crossing the glabella from side to side, and, even in t!ne adults,
this feature ig strongly marked in some individuals; the anterior lobe of
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the glabella is more or less tumid, subhemispherical or a little transvey,
and wider than the greatest width of the glabella immediately behing it.
the next posterior lobe is -ather narrow and transverse, differ ng fmn:
the next two posterior lobes, which are wider and curved a little t‘or“.m_11
at the ends, by the direction of the furm‘“‘-‘%; the posterior lobe Corre.
sponding to the occipital ring or segment 1s h.m:ul aud essentially of ),
same character as that preceding it; the furrow separating them jg
very shallow at the center and inclined obliquely backward at the sides;
2 small node occurs on one example at the center of the oceipital ing,

Eyes elongate, narrow, and arching from opposite the anterior gly.
bellar lobe to opposite the occipital furrow. The dorsal furrows upe
narrow, distinetly but not deeply impressed. Iixed cheeks a little ey.
panded auteriorly and scarcely more than a line in width between the
elongate palpebral lobes and the dorsal furrows, while posteriorly they
merge into the small triangular lateral limbs; frontal limb variable ; it
varies in width on different specimens from scarcely a line to a broad,
flattened area between the glabella and the anterior margin. I'ree
cheeks roughly subtriangular in outline, variable in width and in the
outline ot the curve between the genal angle and the inner margin,

The facial suture cuts the anterior margin some distance outside the
line of the outer margin of the glabella and passes obliquely inward to
the antevior angie of the eye lobe; curving around the outer margin of
this, it passes obliquely outward to the posterior margin, cutting it
midway between the glabellar lobe and the outer margin of the genal
angle,

Thorax with fourteen segments; axial lobe moderately convex and
narrowing gradually to the posterior segment; lateral lobes flattened
out to the geniculation of the segments; scgments nearly transverse
out to the geniculation of the pleural lobe, where they curve backward,
terminating in long slender points; pleural groove broad, well defined,
and continuing nearly to the point of the segment. The axial lobe of
the third segment is developed equally with its associates, but the pleu-
ral lobes are greatly expanded and their spinose extensions are much
longer and stronger than on the other segments. The form of this seg-
ment varies in different specimens.

Pygidium an elongate, slender telson, without segments or lateral
lobes.

The surface of the glabella is beautifully ornamented with transverse,
fine, irregularly-waving, subimbricating lines that give the appearance
of imbricating lamellx resting one under the other from before back-
ward; this feature is only seen on the most perfectly preserved speci-
mens; the surface of the cheeks is slightly sranulose under a strong
magnifying glass, and has slightly irregular lines which radiate from
the base of the eyes and glabella out to the marginal rim; the surface
of the segments of the thorax shows a fine tracery of inosculating, umn-
dulating striee subparallel to the segment, crossing the axial lobe and
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[-.xtelldiﬁg out to the ext':rem‘iti‘es of the p-]cural lobes. The surface of
{he telson is not I')res'er\ ed SO as to show its characters. The test itself
is very thin and tra.-glloe, apd is uSuz.ll]y bro_ken away.

The above descr_lptlon is that of what is considered as the normal
adult type and -Oll.flts alt'ogether the phases of this remarkable species
{hat are shown in 1t§ various stages of growth and development. The
relation of thisspecies to Olenellus Thompsoni are very intimate in what
[ called the normal :ulu.lt type, but when we study it in all its details
it appears best to consider the western form as representing a distinet
species.

The form of the pleural lobes of the third segment is frequently like
{hat of the corresponding segment in Mesonacis Termontana ; it is there
broad aud nearly straight from the outerangle to the spinose termination
of the pleura; in other individuals it is more narrow, rounded on the
genal angle, and curves gracefully outward and backward to the long,
slender points, as in some examples of M. Vermontana,

The largest head yet observed has a length of 6¢m and a width of 12em,
Comparing this with a smaller entire individual, we find that the animal
to which the large head belonged had a length of over Lo, exelusive
of the elongate telson, which was from Gem to 8 long if' proportionate
to that of the smaller individual.

The original specimens upon which the two species O. Githerti and-
0. Howelli were based were collected at Pioche, Nevada, by Mr. Edwin
Howell, of the Wheeler Survey.

Formation and localities.—Middle Cambrian.  The species ocenrs in
limestone and argillaceous and sandy shiales, and ranges throungh from
50 to 300 feet of strata overlying a massive belt of reddish-brown
quartzite that is 3,000 feet thick in the Wasateh Mountains,  In Nevada
0. Gilberti has been found at Pioche on both sides of the anticlinal avch
of quartzite; on the western side of the Ilighland Range, 8 miles
north of Bennet’s Spring; in the Groome District, near the south end
of Timpahute Range, on Silver Peal, longitude 1170 20 west, latitude
389 north; and on the summit of Prospect Mountain, Bureka District.
In Utah two localities are known: one in the eanon just above Ophir
City, in the Oquirrh Range, and the other in Big Cottonwood Canon,
_Wﬂsnt(;h Mountains, one mile below Argenta.  The specimens brought
in from Kicking ITorse Lake, British Columbia, by Mr. George M. Daw-
Son, appear to be identical with those from Nevada and Utah.

OBSERVATIONS ON OLENELLUS GILBERTIL

Under the title of “Observations on Olenellus Howelli” (Monographs
U. 8. Geol. Survey, vol. viii, p. 32), I have attempted to describe the
remarkable series of variations observed in the head of this species
‘]'“‘i'_‘g several stages of growth. Additional material has since been
obtained, and the principal facts are here brought together.
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Unless otherwise mentioned, all the specimens are from e sa
stratum of rock. e
Coxtour of the head.—The smallest specimen of the head observeq fio
le, pl. XX, is 2.5™™ in length, and resembles in its outline the larger h’ead'
fig. le, which has a length of 7.53%w, which is seen more clearly by compar’
ing the latter with the enlargement of fig. le=fig. 1. Between figs, 1, an(i
le, in size, is the form represented by fig. 1d, which is transversely quad.
rilateral in outline, with the genal angles and spines carried forwarg to
form antero-lateral angles on a line with the frontal margin of the heaq.
and the geniculation of the posterior margin, which is so strongl;
wmarked in fig. 1, is still further increased to form an angle of nearly
902, which, from its position, might be incorrectly viewed as the true
genal angle if the anterior spines were broken away or obscured apg
the course of development of the species unknown. In fig. 1g the gena)
spines are still more anterior than in the smaller forms (figs. 1¢ and le),
and present a transition stage—not considering the size of the head, but
the general form —between figs. 1¢ and 1d, or 1d and le; the angles of
the posterior margin wx are also more obtuse, and the frontal margin
broadly rounded. Through the forms represented by figs. le, 1g, 1,
the modification of these features is very uniform to the normal adult
type of the contour of the head, as shown by fig. 1¢. In figs. 1m and
1%, however, which are considerably larger specimens, the angularity
of the posterior margin is a prominent feature, the genal angles being
advanced as in the forms before fig. 14, In fig. 11 the outline is still
farther diversified by having the angularity of the posterior margin and
the position of the genal spine on one side different from the other
side. Tig. 1i is considered as nearly typical of the adult outline of the
head as the largest specimen found, and a number of medium size¢ have

the same form, and it is characteristic of other species of the genus.

The geniculation of the posterior margin is an embryonic character
that is singularly persistent in many examples that have otherwise
adult characters. In fig. 3D the adult form of the head of another species
of the genus is shown.

The specimen represented by fig. 1fis from the south end of the Tim-
pahute Range, 200 miles south of the Eureka district. It is associated
with such forms as l¢, le, and 14, and also with Q. Iddingsi on the samo
slab of limestone. It has the genal spines even more anterior than in
fig. 1d. With it occurs the form on plate xix, fig. 2d, which, in the posi-
tion of the glabella, is much like the typical Q. Gilberti of Meek. One
other specimen of the head that is 3om in length has the outline of fig.
1g, and three others, having a length of e ] 8w, and 1.5m, respect-
ively, bave a contour as shown in fig. 2¢, pl. xvii. )

Glabella.—In the smallest head the glabella is depressed betweed
t_be large crescent-shaped eyes, and the anterior lobe appears to be #
link uniting the anterior portions of the two eyes to form a semicirele
around the depressed glabella back of its anterior lobe; iu succeeding
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stages of growt}l th? gla.‘be-lla r??‘»es and expands in front, as shown in
fig. 1 of plate xX. Lo:Pparlug w 1t'h'.the glabella of the adult, it is to be
observed that in the younger m‘dn I.duals the glabellar furrows extend
entirely across the gIa}aella, while in the older ones they are more or
Joss interrupted or unifed only by very shallow transverse furrows at
{he center, and.tlmt the frontal lobe of the glabella is more expanded
1,,1,1;011'10113113' in the young forms.

Eygg..—-The usual form of.the eye of the adult of this genus is shown
py the eye of 0. Thompsont, fig. 9, plate xvii.

“In the youngest stages known to us of the head of 0. Gilberti, 1.5mm
in length, the eyes are very large and elevated above the glabella and
are the mostb prominent feature of the head; on a larger head, 2um jj,
Jength, they still predominate, but in & head 3™ Jong they are sitnated
a little distance from the glabella toward the center of the check and
anited to the anterior lpbe of the glabella by a strong, elevated, ocular
ridge that crosses and interrupts the continuity of the dorsal turrow
(see figs. 1, 10 and 1f, pl. xx). There is considerable variation in the
relative position of the eye aud the length and strength of the ocular
ridge in different examples of the head. In fig. 14 the ocularridge of the
left side is elevated, and, with the bigh mwargin of the eye lobe, partially
incloses the depressed area within, while on the right side of the same
individual both the ridge and eye are less clevated. and, the ocular ridge
being shorter, the eye is brought in nearver to the glabella.  1n fig. 1g
the ocular ridge is narrower at the point of union with the glabella and
a‘tached farther back, near the posterior margin of the frontal lobe.
Frequently the longitudinal axis of the eye is slightly ebligne from its
anferior end backward and outward.  With the increase in size, these
features usually disappear, although in fig. 17 there is an exception, as
they are retained in a modified degree after other accompanying em
bryonic featares of the head have disappeared. Between the eye and
the glabella, when the former is situated well out on the cheek, a small
round or oval boss occurs, as shown in figs. 14, 1e, 1g, and 1i.

Facial suture.—The course of the facial snture in {ront of the aduit
head is shown by the free cheek, fig. Ie of plate xv. Of its variation
from this course during the development of the individual nothing is
kuown from actual observation, but, fiom the fact that the relative po
sition of the eye changes, it is probable, indeed almost certain, that its
direction is somewhat varied, and we know that such is the case inits
direction back of the eye when the latter is situated on the clu,tek or
hear the glabella. Back of the eye, in all the instances in wh_lch it has
been observed, its direction is slightly outward, with a sigmoidal curv
ature to the angle of the posterior margin, or, in its absence, to the
broad curye denoting the position of the angle about mid\t-ay between
the dorsal furrow and the genal angle, figs. ¢, 1g, 1%, and 14, pl.xx. 1n
the large adult specimen its course was probably as indicated Ly tlfe
traced line in fig. 17, where it is much the same as in the genus Ogygia
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or Dicellocephalus, and even more so in the.cheek, {ig. e of pl. xv
cut the posterior margin at the angle x, as it doe'.s i all knowy ¢
the smaller specimens, figs. 1% and 1. Comparing this with the lire
tion of the stages of growth shown on ﬁgs. 1,""“"] 1g, where anoth(fl
gencric group is suggested by its Paradoxides-like course, the copgpy.:
is very striking.

It is stated on p. 34, Monographs United States Geological Survey
vol. viii, that in adult specimens of 0. Gilberti and 0. Vermontqng the‘
course of the facial suture is almost directly backward from the eye to
the margin. This statement was based on the published figures of the
two species. I now have before me the type specimens of 0. Gilpeyy;
and I fail to find a trace of the facial suture showing on any one of them,
and their course is not mentioned by either Mr. Meek or Dr. \\'hit{-, th;
artist evidently having indicated in the drawings his personal viewy of
where they should be placed.

In well-preserved specimens of 0. Thompsoni the suture back of the
eye extends outward to the pleural angle, as in 0. Gilberti.

Mode of development.—The normal development of a trilobite from the
earliest embryonic condition with which we are acquainted to the adult
form is marked by the disappearance of the embryonice characters, one
by one, as the individual inereases in size and assumes more and more the
features of the fully developed animal, all of which usually takes place,
except in size and surtice ornamentations, when it is quite small.  The
retaining of an embryonic feature after the individnal has passed in
size, or in any other character, the stage at which it usually disappears
in the regular course of the development of the species is an exceed-
ingly rare occurrence, and is unknown to owr knowledge, except in the
increase in size of the body in certain species, so that in their course of
development certain individuals are in fact larger than those of the same
species having a greater number of segments in the thorax and being
consequently more advanced in development. M. Barrande has shown
this to be the case in the development of Arcthusina Konincki, Proctus
decorus, and P. venustus (Syst. Sil. Bohdéme, i, p. 268, 1852), and we have
observed it in Triarthrus Becki, where the relative size, pm;mrtionul to
the development, is very marked; e. g., an individual with thirteen seg:
ments in the thorax is 24™ in length, and one with sixteen segments
but 16.5™ long, while the fully grown example of sixteen segments
reaches a length of 53", and some with thirteen segments are but
in length (Trans. Albany Inst., x; Tossils of the Utica Slate, D- 29,
1879).

This peculiarity of growth is shown, in the species mentioned, only
by the thorax, for, it we take the head alone, there is little or nothing
to prove that its size is not proportional to the stage of developments
but in Olenellus Gilberti the head proves this to be otherwise, and ther®
may be added to the statement that, in certain species, the size '_*"
not proportional to the number of liberated segments in the thord®
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¢ in this species the size of the head is not always proportional to its
tha

e of developmen_t. -
sti;;he smallest specimen We now have (it is doubtfully referred to this

jes) is 1.5™" in length; l::ut, oxf'ing to its having been exposed to
spec heric action, the details of its surface are not well preserved:
3tm0:(1;’neml form and the prominent eyes, narrow glabella, and de’-
;}I;Es;!d margins are all Fhut can be satisfactorily determined; these
are shown in fig. 2¢, pl. xix.

The course of dcvelopment,' \V{.}Il](! appear to have been from some such
form as this through forms s‘nml:%r to tl'mse. 1'epr(_~.sentc(l by figs. 1e, le,
1, and 14, plate xx, bu-t we find 101‘]1.18 like figs. 14, 1/, mul. ]lg associated
with the former forms, in the same pieces of rock, at localities 125 miles
distant from each other, and there is in each locality a gradation of
form uniting such extremes as figs. 1f and 1i. Separating the two ex-
tremes, as two species, will solve the difficulty of giving a common
origin to such forms as figs. le, 1d, le, 1f, 19, 1k, and 17 represent, but
we cannot obtain evidence to warrant such a separation. Both at Eureka
and in the Timpahute Range, the evidence is strongly in favor of refer-
ring all the variable forms of the head to one species,

It is observed that figs. Im, 1k, and 11 precede 17 in the stage of de-
velopment of the contour of the head, at the same time showing a more
accelerated development in the form of the eyve. The eve ol fig, 1k is
more advanced than that of fig. 1i, while the posterior outline of the
head is more embryonic in its character. With these examples it is
readily conceived that figs. 1d, 1/, and 1g are large forms that preceded
fig. 1¢ in development, and the eye of fig. 1d supports this view, as it
is, in its strongly developed ocular ridge which is more marked than
in fig. 1 and more anterior in relation to the trontal lobe of the glabella,
essentially more embryonie; and the position of the genal angles and
spines is either a decidedly embryonie feature or such a sport as, with
fig. 1a to connect it with figs. 1¢ or le, would not be considered probable.

From the material now at our command 1 think that the earlier form
of the young was similar to that of lig. 2e, pl. xix, and that the char.
acters of the head at the stage of development represented by fig. 3a,
bl xx, of 0. asaphoides were permanently retained by many individuals
until reaching adult size, or that such forms as figs. ke, e, 1, 1k 1/,
and Im represent the stage of development passed throngh in the usual
Rrowth of the young of Q. asaphoides and 0. Gilberti before reaching
the size of fig. 1e, and that what is a transition stage in 0. asaphoides
(fig. 3a) is often extravagantly developed and becomes a fixed stage in
alarge proportion of the individuals of 0. Gilberti.

R:clations to other species and genera.—The difliculty met with in com-
]‘:‘;:lt;i,"ufhe development of this species with that of other spcﬁ:ius in

“O1 the thorax and pygidium are known, is also felt in studying its
relations to various species and genera in which the structure of the
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entire body is known, as wo have but few entire individualg anq
' ut

one shows embryonic chamct.ers: . .
The heads of the species associated with Olenellus Gilbert; ay a0, .

dingsi are small, but they do 1ot present any recognized embryqp;,

[m"'!dl

features. . : ;
As already stated, the suture’ lines shown for Q. Gilberti are Pure

imaginary in the type figures (Geog. and Geol. Sfm:. West 100t} Merig,
vol. iii, pt. 1, pl. ii, figs. 3a—c), and their course is, in all probability,a;
in other species of the genus. _

Mention bas been made of Olenellus asaphoides and of certain resen.
Dlances in the contour of its head at the stage of deveclopment, repre.
sented Ly fig. 3a, pl. xx, and that of the head of O. Gilberti a5 seeq
in figs. 1¢, le, 1k, &e. The curious interocular spines of the forme
have not been seen in 0. Gilberti. Mr. Ford has called attention to the
Paradosides like ruu of the posterior margin of the head, g z, 2 g, g,
3a, and states that it disappears altogether during the embryonic life
of that species.  We have shown that it is extravagantly developed iy
0. Gilberti, even to the extent of changing the entire contour of the
head, figs. 14, 1f, and 1g, and that it persists in the adult stage of many
individuals of this species, and is also present in Mesonacis Vermontana,

In all the observed specimens of 0. Grlberti showing the facial suture
back of the eye, the posterior margin is cut at the angle within the pos.
tero-lateral angle, as Mr. F'ord has poiuted out for the form, fig. 3a, of 0.
asaphoides, and also for the genus Paradoxides.

Attention is again called to the direction of the facial suture back of
the eyes in figs. Te and Tg and the position and obliquity of the eyes in
relation to the median Iine of the glabella, characters of Paradoxides,
as seen in P spinosus. Of ail the species of the latter genus, L. Kjerulf
(Ofversigt k. Svensk. Vet.-Akad. Forhandl. N:o 6, p. 790, Tafl. xvi,
figs. 1, 2. Stockholm, 1871) alone shows the presence of an ocular ridge
uniting the eye and the trontat lobe of the glabella (fig. 2, pl. xx), 8
feature 8o prominent in the young ol 0. Gilberti, as well as the small
rounded protuberance between the eyes and the glabella, shown in
Linnarssow’s fig. 2 of . Kjerulfi. The latter character Mr. Ford dis
covered in the youug of 0. asaphoides, and noted its resemblance to the
same in P, Ijerulfi, The ocular i‘i(lge, a feature in the latter thatis
permanent, is also preseut in the young and adult of 0. Gilberti and in
0. T hompsoni.

Résumé—~The study of the head of 0. Gilberti, proves:

First. That iv certain individuals of this species the existence of env
bryonic features continues long after the individual has reached the
size at which such features are usually lost in the process of develop
ment of the other species of the genus.

Secondly. That, in individuals otherwise developed equally in all 1
spects, some one of them may have a characteristic feature, such as the
eye or the genal angle developed to a greater or less degree than in the
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others and that tl{is fe;tture 1"3}' Def‘sbe even after the individual hav.

o it has passed in size or other characters the stage at which it is

usually logt. . .

Thirdly- That th.e development o_f certain cl.mracters i8 present in
i upequal degree in the corresponding i-mrts of the same individual,

[inally, that C(.:rt-mn features present in the younger individual and
disappem’illg during subseque:nt growth are permanent features in some
species of t.he genus I"amdo.xitles. o

To the biologist this specl.es has a peculiar interest, as we appear to
pave the remains of .a.n :1'1mnal that was approaching extinction and
radually losing its yital force to such an extent that the young were
:uable to develop to the mlu-lt form except in a more or less imperfect

degree, and, a3 @ result, retamed_ embryonic features although having
{he power to grow to the adult size. TIn only a comparative degree can
we say that it is a case of reversion to the original formns of the genus
or family to which it belongs, as we know so little of the progenitors of
the Paradoxides. That certain characters of Paradoxides are present
in the young of Olenellus Gilberti that are not present in the adult type
of the genus, and that these characters are present in many but not in
all adult specimens of 0. Gilberti, we do know, and to that extent a re-
version to the characters of its ancestry is shown in the period ap
proaching the extinction of the species.

During the summer of 1885, the writer visited Pioche and the High
land Range, Nevada, and obtained a large collection of Cambrian fos-
sils, among them severa' entire exawmples of 0. Gilberti. One with o
length of 25um exclusive of the telson, which is quite as long as the
body, shows most decided embryonic characters in the head, and the
third segment of the thorax has a pecaliar form to the pleural lobes and
is prolonged to an extravagant length. The form of the third segment
I8 not entirely normal, as it has been erowded forward and the pleural
groove depressed. The pleurie tigured on pl. xix, figs. 2k and 24, prob-
ably belonged to an individual like fig. 2 of pl. xxi.

Another specimen, 30m® in length, exclusive of the telson, pl. xxi,
fig. 1, is essentially a young specimen of Olenellus Thompsoni, differing
less from that species than from the specimen mentioned above. The
only reason I have for leaving Q. Gilberti under a different specific name
is the fact of its having such a peculiar and abnormal variation in differ.
ent individuals.

If the two specimens represented by figs. 1 and 2 of plate xxi were
Submitted to paleontologist he would be very apt to cousider them
ll?t. ouly as specifically distinct, but perhaps refer fig. 2 to a subge.nus
Of fig. 15 ang 1 acknowledge that, in asking the student to consider
thewm as different phases of one species, I am requiring him to accept
*Vidence which is enl y partially given in the illustrations of .th(f species;
(::L if‘ .hc has followed wme in the preceding pages of ‘]e’“fr “lmonl 0:: (i

berti, he may understand why the head represented by tig. 1/ of pl.

(903)

rALCOTT )



http://www.geology.19thcenturyscience.org/books/1886-Walcott-CambrianFaunas/README.htm

CAMBRIAN FAUNAS OF NORTH AMERICA. [“UI.L%

180

xx is rogarded as specifically connected with that of fig. 1, pj v 0
fig. 1b of pl. xx, and that figs. 1 and 2 of pl. xxi are considereg tol.;
specifically the same. '

qp’i‘{;:e:e a:‘e no differences of the bodies of figs. 1 and 2 of pl. xxj that 4,
essential, except in the third segment of the thorax, as the broa f:l:e
narrow forms of the figures are owing largely to the specimens - L
been compressed in opposite directions. The'di&brence in the form o
the third segment is of the samne type as that in the genal spineg of thy
head.

Fig. 1a, pl. xxi, shows the head of fig. 1 natural size. TFig, 9 of ol
xix is evidently the same; also figs. 2¢ and 2b of the same plate, Wit];
fig. 2a of pl. xix the transition to figs. 10 and 14 of pl xx is natury
and then from fig. 14 of pl. xx to figs. 1), 1e, 1¢. 1d, and 1f. That thi;
change is not a direct embryonic development is shown by the size of
the heads and by the fact that it occurs in heads of nearly the Saie
size, as in the head of fig. 2a, pl. xxi, figs 1¢, 1, Im, pl. xx, and fig. 2,
pl. xix.

If we do not accept the view that only one species is represented, ang
begin to break up the series, the complications that arise are much
greater than the acceptance of one variable species, abnormal in its
growth, as alrcady described.

The spines of the head of fig. 2 of pl. xxi are of the same type as
those of fig. 2d of pl. xix and 1f of pl. xx. If there is a specific differ-
ence between figs. 1 and 2, pl. xxi, it is in the length of the genal spines,
as we have specimens with the long spines showing the variation in the
outline of the head from fig. 1f, pl. xx, to a head of the same outline as
the head of fig. 1, pl. xxi. In faet, fig. 1 of pl. xx is more nearly re-
lated to fig. 2 of the same plate, in respect to the strength of the spines,
than to the average head of the species.  With all the data that L can
obtain, I think that we have but one species now placed under 0. Gil-
berti. :

Genus OLENOIDES Meek.

i

_f)_fmoides Meck, 1877, Geol. Expl. Forticth Par., vol. iv, pt. 1, . 25.
Lype Paradorides? Nevadensis Meck, 1870, Proc. Acad. Nat. Sei. Phila.,vol. xxii, p. 62

A . _— . .

The generic description is drawn from the type species and the second
species, 0. typicalis.

Ge.neml outline ovate. ITead large, semicircular., Glabella straight
or zflightiy expaunded in front; marked by three pairs of furrows in 0.
typicalis. Eyes elongate. The facial sutures extend obliquely outward
1:0f" the anterior base of the eves and cut the frontal marging Pos
teriorly t}le-y cut the margin at the pleural an gle and run subparallel 10
th:i margin, to the posterior end of the eye.

(hor: i i y i
orax with eight or more segments ; axis strong and pleural lobes
well defined ; pleural groove broad.

(906)



http://www.geology.19thcenturyscience.org/books/1886-Walcott-CambrianFaunas/README.htm

o] MIDDLE CAMBRIAN FAUNA., 181
W. i

pygidium ma‘.rked by tr.a,nsverse furrows on the axis, and the latera}
cegments aré _du'ct.:tcd backwards. . -
= The genus 18 referred to th'e family Paradoxide. It is a type unlike
paradoxides, Ul_enellus, or Dicellocephalus, and yet includes in its tho.
pacic segments features common to the two former genera and, in the eyes
and facial sutures back (?f'the eyes, characters found in Dicellocephalus,

The stratigraphic position of the species referred to it, 0. Nevadensis,
0. typicalis, O spinosus, z.unl 0. ﬂa_({r-icuudus, is between the Middle
Cambrian (Olenellus) horizon and Upper Cawbrian (Dicellocephalus)
horizon.

The type specimen of 0. Nevadensis preserves the occipital segment
of the head, the eight t.homgic segments, and about two-thirds of the
pygidium. The secqnd species s known by its eutire form and is re-
ferred to the genus from having a similar type of thoracic segment and
a pygidium, so faras is now known, of the same type. I had described
and proposed a generic name for 0. typicalis, but, on discovering that
Mr. Meek had proposed the name Olenoides for a species that, so far
as known, could be generically associated with 0. typicalis, 1 adopted
the name, being placed in the dilemma of having a species with a
generic pame proposed ‘“in ease 4t might be found to be a distinet
gencric type,” to which to refer the species, or of giving a new generic
name that, on finding more perfect material of” Paradoxides ? Nevadensix,
might prove to Le congeneric with the latter. To avoid introducing «
new name that might become a synonym, all the species originally
arranged with the species O. typicalis are now placed with it under the
genus Olenoides.

OLENOIDES NEVADENSIS Meek.
Plato xxv, fig. 7.

Paradorides? Nevadensis Meek, 1870. Proc. Acad. Nat. Sci. Philad., vol. xxii, p. 62.
Idem, 1877. Geol. Expl. Forticth Par., vol. iv, p. 23, pl. i, fig. b

The original description appeared in 1870 and was reprinted in 1877,
the only change being in the proposal of the generic name Olenoides
i event of the species proving to belong to an undescribed genus.  The
later description is as tollows: “ Of the thorax, eight of the posterior
Segments are preserved. These show the axial Jobe to be much de-
bressed, and about as wide as the lateral ones, exclusive of the free re-
curved points of the pleuree. The segments of the axial lobe are defined
by a broad, rounded furrow, or depression, across the anterior side of
m,lch’ and have much the general appearance of those of some species of
Im'adﬁ‘ﬂd""% being a little thickened, squarely truncated, and slightly
eurved forward at the ends.  Bat they ditfer in showing distiict remains
o & mesia spine, or tubercle, on each, and in having an obscure, oblique
furzow, or depression, on each side, passing outward and backward
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from the broad, anterior, transverse fi urrow to the posterior laterq) angl,
so as partly to isolate the slightly-thickened and truncated eXtremi; s,
of each. The lateral lobes are nearly flat and composed of Pleurg thes
extend straight outward at right angles to the axis to their fice eat
tremities, which are abruptly contracted (ahpost enti.rely on the POSteri;
side) into slender, rounded, very sharp Spmges, which curve bilck\\'am
and ontward. Each of the pleur is also provided with a broad, rag,
deep, flattened furrow, which commences near the inner end anq e\P
tends straight outward for some distance, with parallel sides, hut grad.
wally tapers, mainly on the anterior side, to a lanceolate point, before
reaching the free extremities. These furrows have not the obliquity
usually seen in those of Paradozides, but run parallel to the directiy,
of the pleur®, so as to leave a slender straight ridge of equal size along
the anterior and posterior margin of each rib.

«The pygidium, exclusive of the portions of the free border brokey
away, has a nearly semicircular outline, being about twice as wide as
long, while it is as much flattened as the thorax. The part remaining
equals in length the five thoracic segments next in advance of it. Itg
mesial lobe is much depressed and about three-fourths as wide ante.
riorly as the breadth of that of the thorax at its widest part seen. Dos.
teriorly it tapers moderately, and extends nearly the entire length of
the pygidium, as seen with the free border broken away. It is evident,
however, that the flattened border projected more or less behind its ter-
mination. 1t shows distinctly five segments, with indications of about
two others at the posterior eud. The lateral lobes have each three seg-
ments, the anterior one being extended out nearly parallel to those of
the thorax, while the others are directed more obliquely backward, and
rapidly widen outward. Like the pleura, they have each a broad, flat-
tened furrow, that of the anterior one being nearly parallel to those of
the plenrwe, while those of the other two are directed more obliquely
backward, particularly the posterior one, which is almost parallel to the
longitudinal axis of the body. These furrows are so deep and broad as
to give the three segments of each lateral lobe the appearance of six
irregular ridges, the irregularity being produced by the posterior two
furrows, instead of passing along the middle of each segment, being
curved backward so as to divide it very unequally, leaving the anterior
part much the broader. No fine surface-markings are preserved on the
specimen.

“Entire length of the imperfect specimen, nearly 3 inches, of which
the remaining eight thoracic segments form 1.70 inches; breadth of the
thorax, exclusive of the free spiniferous ends of the pleurze, 2.05 inchess
and, including the projecting ends of the pleurzwe, 2.40 inches; length of
what remains of the pygidium, 1.03 inches; breadth of the same, about
1.80 inches.

» » » * * *
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«]t is possible I sho.nld call this species chn_u.g or Paraboling Neva-
P but its large size seems to be an objection to placing it in any
section of either of th-ese groups. In the possession of a node or spine

each of the thoracic segments, as well as in the direction of the pos-
onrior segments of the lateral lobes of the pygidium, it agrees with the
:;pe of Parabolina; but, unfortunately, the specimen is not in a con-
dition to show whether or not t!lese segr.ncnts of the pygidium termi-
pated in produced marginal spines, while the furrows of its pleure
have nob the obliquity of those seen in that type, but agree more
pearly with those of some species of Conocoryphe. The comparatively
Jarge size of its pygidium, and the nodes, or spines, on its thoracic
segments, as well as the nature 0.f the furrows of the pleurw, are rather
against its reference .to Pamdoa.‘ufr's, and lead me to think that it may
belong to an undeseribed genus; if so, it might be ealled Olenoides.”

Formation and locality.—Middle Cambrian. Bluish-gray calcarcous
shale, House Range, Antelope Spring, Western Utah.

OLENOIDES TYPICALIS 1. Sp.
Plate xxv, ligs. 2, 2a.

Form ovate. Head large, semicircular in ontline. Glabella elongate,
not quite twice so long as wide; sides subparaliel; front broadly rounded;
general surface moderately convex and marked by four pairs of glabellar
furrows that extend about one-third the distance across, the anterior
being scarcely discernable in most specimens; oceipital (urrow well
defined; oceipital ring strong, not very convex, and with a rather
strong central spine projecting backwards over the thorax.

Fixed .cheeks broad inside the rim ot the eye, contracted at the front
of the eye and expanding to unite with the frontal limb, which is of
medium width, concave, and bordered by a narrow, rim-like margin;
postero-lateral limbs narrow, clongate, with a central longitudinal ridge
and a rather long spine extending backward just within the extremity
of the limb. Free cheeks large, bordered exteriorly by a rather thick
rim that is produced into a strong genal spine.  Byes narrow, elongate,
reaching from opposite the third pair of glabellar furrows back nearly
to the posterior margin, conforming in divection to the eye of Paru-
dozides rugulosus.

Hypostoma elongate, strongly convex, broadest anteriorly, narrowing
towards the front ; a suleus, that rises on the lateral margin, St!pfll‘ﬂ-'tes
d narrow posterior lobe ; two small lateral depressions, or muscular im-
Pressions, ocear a little in advance of the sulcus; anterior wings small;
froutal margin broadly rounded. The hypostoma is more like that of
Ptychoparia than that of Paradoxides, Olenellus, or Dicellocephalus.

Thorax with nine segments; axial lobe convex, broad, au.ad tapering
very gradually towards the pygidium; a farrow crosses obliquely from
®ach posterior side of the segment and almost unites before the base
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of a short spine that or

jginates at the center of each segment, il
b anq o,
tends upward and backw ard.

The spine on the eighth segment i

Jonged and extends back quite & distance ?’?_}’0"‘1 t}-x'e extremity of tll?e
terminal spines of the l".\'g"h“““' An “’fh"'d““'l 15™™ long shoyg the
spine with a length of 10mm, The spine is crushed down on the gy
but appears to have been slender and cnrved.up and back in g mmm.'.;
similar to that on the sixteenth segment of the l'l.mra-x of Cypo’msm
Burmeisteri Barrande. (Syst. Sil. de Bohéme, vol. i, pl. Xviii, fig, 6o,
The body of the pleural lobes is narrow, and each pleura is extendeg in
a long spine; pleural groove short and nearly_ as broad as in the genus
Olenellus. : .

Pygidium subquadrangular; median lobe obconical, convex, divideg
into three segments and a terminal portion ; lateral lobes formed of
three segments directed backward, terminating in sharp points and
gradually decreasing in size backward. :

Surface finely granulose; radiating venulose lines ornament the pal.
pebral lobes and free cheeks, and longitudinal striee the genal spines
and spinous extension of the pleure.

The specimen figured has all but the free cheeks in position; these
were drawn from a smaller specimen.

The general form of the pygidium is similar to that of one figured by
Mr. Billings (Pal. Foss., vol. i, p. 334, fig. 3320), from Point Levis, Can-
ada, where it was associated with Upper Cambrian fossils, and it may be
that when entire specimens are found some of the species referred to
Dicellocephalus, from the same bed and locality, wiil prove to belong
to this genus.

Formation and locality.—Middle Cambrian. In a light pinkish-colored
shale above a belt of limestone resting on the shaies carrying Olenellus
Gilberti, Pioche, Nevada.

OLENOIDES SPINOSUS Walcott.
Plate xxv, figs. 6,6a.

Ogygia? spinosa Walcott, 1885. Monographs U. S. Geol. Survey, vol. viii, p. 63, pl
ix, fig. 22.

The original specimen preserves only the central portions of the head
within the free checks. The glabella resembles that of Ogygia, S0 &
provisional reference was made to that genus.

The discovery of 0. typicalis gives the generic reference and & S¢”
ond specimen of the same parts of the head from the arenaceous ghales
at the same relative geologic horizon at Pioche affords details not show!!
in the Eureka specimen. The glabella is expanded more in front a1
the postero-lateral limb is preserved ; no trace of the occipital spin¢ 15
shown, but this was probably carried away with the test. Four palr®
of glabellar furrows occur, instead of three, as mentioned in the org®

nal description.
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Formation and localities.—Middle Cambrian. At the base of the
ret Caflon shale, in Secret Cailon, Eureka Dictrict, Nevada; also, at
e Nevada, in arenaceous shale interbedded in argillaceous shale;

joche :
I;;Otion;,l Museum collection.
J_ b’

OLENOIDES ? FLAGRICAUDUS White.
Plate xxv, fig. 4.

D-w"‘,cep}mlus? Slagricaudus White, 1874. Geog. and Geol. Expl. and Surv. West
> 100th Merid., Prelim. Rep. Invert. Toss., p. 12, Idem, 1875. Same report,
vol. iv, pt. 1, p. 60, plL. iii, fig. &a, b.

Original description.—* Pygidiumcontracted, fan-shaped; lateral lobes
cach consisting of three segments directed backward; the inner one of
each side lying close to the dorsal farrow, nearly parallel with the axis
of the body or converging a little posteriorly, and becoming obsolete
upon each side of a small, but comparatively wide, sloping border that
extends around the posterior end of the axial lobe,

« The middle pair of segiments commence at the dorsal furrow of each
side respectively, near the anterior end of the pygidium, bend abruptly,
and extend backward parallel with the first, and project beyoud the
border as converging posterior spines. The third and outer pair of
segments commence anteriorly at the dorsal furrows, where they are
very narrow, extend outward a little, then curving abruptly backward
they lie parallel with the others and form raised Iateral margins of
considerable but unequal width to the pygidium, and thenee they
extend posteriorly as an outer pair of converging spines.  AXis promi-
nent, especially at its apex, where it terminates in & moderately distinet
angle, about one-quarter wider anteriorly thin posteriorly, well defined
by the nearly straight dorsal furrows, and marked by five or six dis-
tinctly defined segments, which cross it almost transversely, but with a
slightly sinuous course.

“Length of the pygidium along the median line, 7; greatest trans-
verse diameter, 9vm,

“The collections contain only the pygidium of this species, and I
have therefore referred it doubtingly to Dicellocephalus, although it
might perhaps, with equal propriety, be referred to Amphion. It has a
general resemblance to the pygidium of D. magnificus Billings, and a
still closer resemblance to 1.? Corar Billings, from the Quebee group
of Canada.

‘ “Dosition and locality.—Strata of the age of the Quebec group of
Canada, Schellbourne, Schell Creek range, Nevada.”

The species is referred to the Quebec group; but without a better
]fllo\\'ledge of the stratigraphy than we have, and also of the associated
fossils, it is difficult to locate the exact horizon, and I suspect that
further investigation will place it in the Cambrian. o

he generic reference is made entirely on the form of the pygidium,
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OLENOIDES ¢ MARCOUI Whitfield.
Plate xxvi, figs. 5, 5a, b.

Dikellocephalus # Marcoui Whitfield, 1884. Bull. Amer. Mus. Nat. Hist., vol, L p. 15
pl. xiv, fig. 7. !
Original deseription.—This species is only known, as yet, from frag.
ments of the pygidium, but the form is so remarkable for a brimorgiy)
trilobite and so distinctive in its characters that it will be readily re,
oenized in other specimens when found; consequently there can e ng
g;)od reason why it should not be described even from the imperfeet
material.

“The pygidium has been broadly fan-shaped, with a strong centry)
axis, and broad convex lateral lobes; form nearly semicircular, with 5
moderately convex anterior margin. Axial lobe about two-thirds ag
wide as each lateral lobe, strongly convex, marked by about nine or pos-
sibly ten annulations (seven appearing in the fragment), the anterior
three each bearing an elevated node or subspine in the middle, the
lourth one having ouly a low node, the remainder plain. Lateral lobes
divided into five or more annulations, exclusive of the narrow anterior
one, by deep narrow grooves or furrows, which terminate a little within
the border; each annulation being marked on its surface by a faint,
depressed longitudinal line.  Outer margin of plate bearing broad flat-
tened spines, which are gently recurved. TFive of these spines are seen
on the fragment described, the last of which originates opposite the
fourth segment, leaving space for two or perhaps three additional ones
between it and the central line of the plate. This would give seven or
possibly eight spines on each side of the plate. Surface of the plate
smooth to the unassisted eye.

“This is one of a group of primordial trilobite pygidie having aflinity
with the genus Dikellocephalus Owen, but not properly belonging
there. They have been variously placed under several genera, but are
equally vnlike any of them, and this one is more extreme in its charac-
ters than any hitherto described. It strongly reminds one of the pygidiz
of a group of Dalmania which characterize the Lower Devonian of
America, in the arrangement of spines around the outer margin, and is
50 very similar that were there any question as to its authenticity I
should have been inclined to place it at that horizon.”

In all the collecting done at the Parker quarry the past two years
ouly a few pygidia of this species have been found, and but one imper-
fect head, and nothing is known of the thorax.

The head and pygidium do not belong to the genus Dicellocephalus,
and the pygidium, iu its spinose extension of the segments, approaches
the forms we have referred to Olenoides.

. The reference to Dicellocephallus is misleading, as the genus is typP-
ical of the Upper Cambrian or Potsdam horizon and is as yet unknown
in the Middle Cambrian.
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A similar type of the p:ygidiun? is figured by Angelin (Pal. Scan., pl.
<xxiii, g 11) &Dd .doubtinlly referred to the genera Corynexochus. Tn
progger’s Die silirischen Etagen 2 und 3, pl. i, a number of pygidia with
4 spinose border of thl_s type 'm'e referred to the genera Peltura,

TFormation and locality.—Middle Cambrian. Parker’s quarry, town of
Georgin, TFranklin County, Vermont; also, in the conglomerate lime-
stones of Bic Harbor, on the St. Lawrence River, below Quebec, Canada.

OLENOIDES ‘LEVIS n. sp.
Plate xxv, figs. 3, 3a.

Of this species we have only the head within the facial sutures. The
alabella is elongate, sides parallel, front broadly rounded, general sur-
face moderately convex and marked by glabellar furrows. Oceipital
furrows well defined, occipital segment imperfectly preserved, but ap-
parently narrow. Free cheeks broad; the rim of the large eve lobe is
continued across the cheek to form the ocular ridge; frontal limb nar.
row concave and rising rapidly from the front of the glabella to the
narrow frontal rim; laterally it merges in the broad, free cheeks;
postero-lateral Jimbs Lroken away except the inner portion on the left
side, which is narrow, as in O. typicalis. Although imbedded in lime-
stone the surface is not well preserved; it was probably smooth or
finely granulose.

In the form of the glabella and broad, fixed cheeks this species dif-
fers from other known species of the zenus.

Bathyurellus abruptus Billings (Pal. Foss., vol. i, p. 263, fig. 247) is
of this type of head, and is placed as the first species after the generie
deseription, but it is evidently not regarded as the type ol the genus
Bathyurellus, as the generic description is taken from the species B,
nitidus, described after B. abruptus.

This species occurs in a granular limestone with Olencellus Gilberti.
At a higher horizon OQlenoides spinosus is found in an arenaceous shale,
and still higher in the section 0. typicalis, in an argillaceous shale.

Formation andl locality—Middle Cambrian. Pioche, Nevada.

OLENOIDES QUADRICEPS H. & W.

Plate xxix, figs. 1, la-c.

Dikellocephalus quadriceps Hall & Whitfield, 1877. Geol. Expl. Fortieth Par., vol. iv,

) D. 240, pl. i, figs. 37-40.

Dicelloctphalus ? quadriceps Waleott, 1884,  Monographs U. 8. Geol. Survey, vol. viil,
p. 45, pl. ix, fig. 24.

Original description.— Glabella and fixed checks united, quadrangu-
15‘11' In form, with a regularly and symmetrically arcuate front margin.
Glabelly elon gate quadrangular, a little expanded and rounded in t_‘rctut,,
three-fourths as wide across the middle as the length above the occipital
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farrow, very gibbous or somewhat inflated ; marked by three Dairg op

bout three-fourths of the disty, cot

trausverse furrows, which extend a !

the center, not in the least oblique, and so faint as to be detecteq only
on the closest examination or by the l'lef'lectxon of light along the sur.
face; occipital furrow very distinct ; rmg's_trm_ng and robust, SUPpoLt
ing a strong, thickened spine of 'untletcrmme(l lcngt!: on .the DOsteriop
margin. The base of the spine Is broad and the spine directed lyg,.
ward and upward.

« Fixed cheeks of moderate size, strongly convex, a little more thay
one-third as wide at the eye as the width of the glabella, and rapidly
declining to the antero-lateral angles. Lye-lobe small, situated l‘iltll(:x-
behind the middle of the length of the head ; ocular ridges distinet,
strongly directed forward in their passage from the eye to the glabeljy
Frontal limb very short, not extending beyond the frontal margin of
the glabella, and strongly carving backward to the point of intersec.
tion with the facial sutures.

« I"acial sutures commencing at the anterior margin on a line with
the inner angle of the eye-lobe, and running directly back to the eye in
a straight line; behind the eye the direction is outward, but its exact
course has not been ascertained. Lateral 1imb not observed.

“A pygidium associated with the glabella is paraboloid in form, and
surrounded on the margins by twelve short, rather strong spines, the
four on the posterior margin being shorter than the others. Axis nar-
row, highly convex, two-thivds as long as the shield, and marked by
four rings, exclusive of the terminal ones. Lateral lobes broad, convex,
and marked by four low, rounded ribs, the anterior one much narrower
than the others; cach of the four ribs terminating in one of the lateral

spines.

“There can be no doubt that the above-described pygidinm belongs
to the same species with the associated glabella, as they are both
equally abundant and are the only trilobitic remains brought from the
locality, except those of Conocephalites subcoronatus. The glabella is
enlarged to three diameters in the figure, while the pygidinm is given
natural size, but is one of the largest individuals seen, while there are
fragments of glabellas in the rock fully twice the size of the specimen
figured. The species bears a very close resemblance to D. gothicus
herein described, but differs principally in the simple ribs ; while in that
species they are divided, a feature that will very readily distinguish the
two forms.

“Formation and locality.—In limestone of the age of the Quebec group,
from the base of Ute Peak, Wasatch Range, Utah. Collected by Ar-
nold Hague, esq.”

There is little doubt of the generic relations of 0. quadriceps With
Olenoides, and it occurs at the same relative geologic horizon in the
Eurcka district, and, from all I can learn of the locality on Ute Peak, its
position there is at the same relative horizon as 0. Wahsatchensis, whiclt

(914)



http://www.geology.19thcenturyscience.org/books/1886-Walcott-CambrianFaunas/README.htm

o 3 MIDDLE CAMBRIAN FAUNA. 189

o be Middle Cambrian and below the Potsdam fauna. The
f the species to the Quebec group shows the confusion then
prevailing as to the paalt?ontologic clfaracters of a group named, but not
existing, as defined ‘t?yllts authors, in nature.

The head and pygidium are of the same type as 0. Marcoui and 0.
Wahsatchensis. ]

The differences between thehead of this speciesand that of 0. Wahsatch-
ousis are not of specific value, and, except that the latter species shows in
the pygidium strong pleural grooves, I would unite themn asone species.
phis character is slightly shown in some of the pygidia of 0, quadriceps,
and it is not improbable that the specimens in the shales develop these
grooves much more distinetly, owing to the crushing of the test and cou-
sequent deepening of all the original depressions. A good series of
specimens may yet prove the two species to be identical.

Formation and localities.—Middle Cambrian. Ute Peak. Wasatch
Range, Utah, and on the cast slope of Prospect Peak, Eurcka district,
Nevada, 4,000 feet below the typical Potsdam fauna, with Olencllus
Gilberti, &e. A head apparently identical occurs 2,000 feet higher in
the section. The other locality, on the west side of the Fureka dis-
trict, is an outlier of limestone, the stratigraphic relations ot which are
not known.

we know t
reference O

OLENOIDES WAHSATCHENSIS IT. & W,
Plate xxix, figs. 2, 2a.

Dikellocephalus Wahsatchensis Hall & Whitfield, 1877, Geol. Expl, Fortieth Par., vol.
iv, p. 241, pl. i, fig. 35.

Dikellocephalus ? gothicus Hall & Whitfield, 1877. Geol. Expl. Porticth Par., vol.iv,
p- 242, pl. i, fig. 36.

Original description of the head.—*“Glabella elongate.quadrangular,
with parallel lateral margins and slightly-rounded trvont; height and
width about as four to three; very depressed convex, and marked by two
pairs of transverse furrows, which do not quite meet in the center,
dividing the glabella into three nearly equal portions. Oceipital fur-
row narrow, not strongly defined; ring narrow, distinet, and bearing a
slender spine on the center; dorsal furrows narrow and poorly defined.

“Fixed cheeks wide and flattened; ocular ridges faintly marked,
rising opposite the anterior furrow of the glabella, and directed slightly
backward to the eye-lobe. Irontal limb very short and wide, the mar-
ginal rim regularly arcuate, narrow, and prominent, closely cutting the
front of the glabella. Facial sutures not fully determined, bub are dis-
tinet on the anterior margin, cutting the rim with a strong outward
turvature, and again recurving to the eye, leaving the limb nearly two-
thirds as wide at its widest point as the glabella.”

The associated pygidium is described as another species; but, from
the character of the head and pygidium of O. quadriceps and 0. Marcou,
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I have no hesitancy in referring it to the same species as the hegq i
ciated with it. The reason given by the authors of the specjeg u?.o \
it was not a pygidium characteristic of the genus Dicelloc.aphm:'l8 ;1&
which they referred the head, is not accepted, as the head is not, t‘&’l)i’c-:{
of Dicellocephalus. A still more cogent reason is the fact that wq 1,.‘“‘,.
a crushed and distorted specimen showing the head, thorax, anq Py :"
dium united. The thorax is so badly crushed that only five segmmi;
can be counted, and the head and pygidium are partially crusheq 0;!
each other, owing to the doubling up of the thorax.

Original description of the pygidivm.—*Pygidinm semi-ovate, or short
paraboloid, with a very strong central axis and spinose wargin; ap,.
rior margin straightened for about two-thirds the width of the latery
lobes, where it curves abruptly backward to the lateral angles. Axial
lobe strong, eylindrical, and prominent, forming one-third of the entiy
width exclusive of the spines, and reaching almost to the posterigy
margin of the shield; obtusely rounded at the extremity, and markeq
by six annulations, exclusive of the terminal ones. Lateral lobes very
moderately convex, and marked by four divided ribs on each side, eacl
terminating in a strong and proportionally long marginal spine; cen.
tral area of cach rib depressed, forming a flattened groove, extending
to the base of the marginal spine. Borders of the ribs elevated, the
anterior one strongest and prominent, gradually widening from its ori.
gin to the margin of the shield; posterior border narrow and rounded,
separated from the next snceeeding rib by a sharply-depressed, narrow
groove.  This peeuliar form of rib gives to the shield an appearance
similar to the groining of a Gothic arch. Margin of the shield sur-
rounded by twelve long, rather strong spines, four of which, on each
side, are about equal in size and strength, while the four occupying the
posterior border are shorter and unequal, those in the middle being the
shortest.

“The peculiar feature of the specimen consists in the divided ribs of
the lateral lobes and spinose margin.  In these features it differs from
all others known, and may possibly, when better material shall be ex-
amined, showing other parts of the organism, require a distinct generic
name.,” '

By comparing the figures of Olenoides Marcoui, pl. xxvi, figs. 5, d¢,
with those of pl. XXiXx, figs. 2, 2a, the types of Dicellocephalus Wahsatch-
ensisand D. gothicus, the generic identity is evident, although the pleural
grooves on the anchylosed segments of the pygidium are not known to
be present in that of 0. Marcoui. '

The specific relations of 0. Waksatchensis are with O. quadriceps, 48
has been mentioned under that species. ‘

Formation and localitics.—Middle Cambrian. Box Elder Cuiion,
above Calls Fort, Wasatch Mouatains, and also in Big Cottonwood
Cafion, one mile below Argenta, in the same mountains.
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Genus BATHYNOTUS Hall.

., Thirteenth Aon. Rep. N. Y. .
Bafﬁ?"ot;:e:algél{%geology of Vermont, voll.) i.N I ;{ftata whbL AN, B

To the description of the parts give.n b3: the author, we are now able
to add that of the eye-lobe and the direction of the facial suture. The
eye-lobe is narrow, elongate, a.ml ezftgll(ls from opposite the antero.
lateral angle of t-.he g'label-]a obliquely backward nearly to the posterior
margin, resembling in this the eye-lobe of Centropleura Loveni Ang.,
the type of the genus Centropleura (Pal. Scan., p. 95, tab. iii, figs. 1,
1a, 1854), and also the eye-lobe of the genus Anopolenus Salter (Quart.
Jour. Geol. Soc. vol, xx, p. 236, 1864 ; also, note by Dr. Henry Hicks
in vol. xxi, D 477, 1865). The facial suture passes nearly around the
extended eye-lobe and cuts the margin Lefore reaching the posterior
extension of the eye-lobe. This is another character of the genus
Anopolenus. Anteriorly it appears to pass avound the front of the
glabella and the narrow frontal limb, and, from the fact that the free
cheeks are united with the frontal margin, even when detached from the
central portions of the head, there is a strong presumption that the
sutures pass around in front within the margin without cutting the
latter, as in the later genera Phacops and Homalonotus. This is not
proven absolutely, but the evidence is very strong in its favor. Num
ber of segments in the thorax, thirteen.

The genus is related to the Paradoxida in most of its characters, and
is well defined from other described genera.

Dr. Emmons figures, of the typical species, the pygidinm, six thoracie
segments, and the two large genal spines under the name Paradorvides?
quadrispinosus (Manual of Geology, 1860, p. 80). In a note on page 280
of the same book, he gives among fossils characterizing the Taconic
slates Paradozides (Pagura) quadrispinosus, mentioning at the same time
Paradowides Thompsoni and P. Vermontana, which were deseribed by Prof.
Iall in 1859 (Twelfth Rep. N. Y. State Cab. Nat. Hist.), at the same
time with Peltura (Olenus) holopyga. Why Dr. Emmons failed to note
this fact is unknown. It may be that he intended a new genus by placing
the name Pagura as above, but, without a description or a reference, I do
not think we are warranted in assumin g what was meant, and replacing
the generic name Bathynotus based on a description and a tigure by the
hamwe Pagura,

BarTnyNoTUs HornoryGA Iall
- Plate xxxi, figs. 1, la.
Peltura (Olenus) holopyga Flall, 1859. Twelfth Aun. Rep. N. Y. Stato Cab. Nat. Hist.,

Batn P. 61; Pal. N. Y., vol. iii, p. 528. _
4¥tynolus holopyga Hall, 1860, Thirteenth Ann. Rep. N. Y. Stato Cab. Nat. Hist., p.

118; Geolo i p. 37 . xiii, fig. 3, 13061,
Pﬂrados:iaﬂ,; ?‘Mdr?s;i:is‘r:%ﬁ;ﬁn‘;?l{&f .;Ial;n}l:;l of E:‘eglog’y, p- 80, fig. 57. Onp
280 the name P. (Pagura) quadrispindsus occurs.
Deseription.— Entire form elongate subelliptical, having a length of
about twice and a half the width. Head somewhat semielliptical ;- the
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posterior angles p
length a little gre
the head when entire, b

toma wider than long. . ' . o
«Thorax with eleven articulations; the middle lobe prominent -

about twice as wide as the lateral ]qbes; the articulations strg, }
rounded above, and each one marked in !;he center 'by a node (or ),
Dbase of a spine which has been broken off in the specimens examineq),
Articnlations of the lateral lobes short (tlfe extremitics of the upper
ones broken off in the specimen); the lower ones bending abrupyy
downwards and terminating in spiniform ]_)roeesse-s,' the last pair beiné
prolonged much beyond the extremity .OF the ]_)ygl.dmm.

« Pygidium longitudinally semielliptical; the middle lobe markeq by
threc annulations, and a fourth obscure one above the terminal lobe;

lateral lobes flat and plain, the exterior margin apparently free from

ornament or inequality.”

In his observations on this species in the Thirteenth Report, 1860,

roduced in long spines. Glabella strongly lobeg )
ater than its greatest breadth, the entire breadtil 0‘;
eing about twice as great as the length. Hypo

the author adds:
«The rings of the axis are marked by a row of small spines. The

areatest length of the spines or processes, from the posterior angles of
the cephalic shield, is a remarkable feature. In this individual their
extremities must have reached as far as the eighth or ninth segment of
the thorax; and in another individual these separated parts have sim-
ilar proporiions.

“In one imperfect specimen of this species, with narrow axis, we
have eleven body rings, including the elongated posterior one; but
behind this there are three annulations of the axis, the two anterior of
which have somewhat the appearance of free segments, and are like-
wise marked upon the lateral lobes, while the pygidium below has ap-
parently asingle annulation extending into the lateral lobe.”

Having obtained several nearly entire specimens of this species we
are enabled to corroborate the description given by Prof. Hall and to
add details of interest.

The position of the elongate eye-lobe and the direction of the facial
suture have been referred to in our note on the genus.  The great length
of the postero-lateral spines of the head is even greater than men-
tioned by Prof. ITall, as they fully equal and pass beyond the entire
length of the thorax aund pygidium. The free checks are narrow,
united (2) in front of the glabella, shorter than the length of the fixed
check (a character of the genus Anopolerus Salter), and longitudinally
striate on the margin, a character that extends around the front and
back nearly to the termination of the spines.

The hypostoma is of a peculiar type. The anterior margin extends
forward from each antero-lateral angle, meeting at an obtase angle ab
thfs front m.argin of the doublure, the latter being cut away to permit
this extension of the hypostoma to crossit. Back of the line of tho
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Joublure the hyposim-na. is transversely qu‘adrangular in outline and
ma rked very much as in C‘ent'rop{eum Lozzem Angelin. The only genus
xnown to me tha't; has the anterior margin (_)f the hypostoma rising to
o wbtuse an gle is Qr}'Ptonymuf’ as shown in C. punctatus Wahl. (Pal.
Scan., Angelin, tab. iv, fig. 6, 1852; also, Quart. Journ. Geol. Soc., vol. vi,

 xxxii, fig. 18, 1850). In other respects there is little similarity.
Prof. Hall, in speaking of the median axis, says that “there are eleven
pody rings, including tl{e elonggte posterior one; but behind this there
are three annulations of the axis, the two anterior of which have some-
what the appearance of free segments, and are likewise marked upon
the lateral lobes, while the pygidium below has apparently a single an-
pulation extending into the lateral lobe. In three examples preserving
the thorax and pygidium united, we find the two segments between the
pygidium and large-extended segment free. They are short, and with
put a slight pleural lobe, the extension of the eleventh segment erowd
ing them into the narrow space between it and the pygidium.

Formation and locality—Middle Cambrian, Georgia Formation. Par-
ker’s farm, town of Georgia, Vermont.

waLcOTT-]

pl

Genus PTYCHOPARIA Corda.

Ptychoparia Corda, 1847, Prodrom, Mon, bihm. Trilobiten, p. 141.  Abh. der k. bishm,
Gessell. der Wissenschaften.
= Conocephalus Zenker, 1833, not Conocephalus Thunberg, 1812,
== Conocephalites Barrande, 1852, ,
[ have given, in Bull. U. S. Geol. Survey, No. 10, p. 34, the history of
the names Ptychoparia and Conocephalites and my reasons for using
Ptychoparia.

PTYCHOPARIA KINGI Meek (sp.)
Plate xxvii, {ig. 4, a.

Conocoryphe (Conocephalites) Kingii Mecek, 1870. TProc. Acad. Nat, Sci. Phila., vol.
- xxii, p. 63.

Conocoryphe ( Ptychoparia) Kingii Meek, 1873. Sixth Ann. Rop. U. 8. Geol. Surv. Terr.,
p. 487. (Generic reference changed.)

Conocoryphe ( Ptychoparia) Kingii White, 1875. Geog. and Geol. Expl. and Surv. West
100th Merid., vol. iv, pt. 1, p. 40, pl. ii, figs. 2a-c.

Conocoryphe ( Ptychoparia) Kingii Meek, 1877. Geol. Expl. Fortioth Par., vol. iv, pt. 1,
p. 20, pl. i, fig. 4.

Original description.—* Entire form ovate and much depressed, with
breadth equaling about two-thirds the whole length. Cephalic shield
Semicircular, or a little wider than long, with the anterior and antero-
lateral borders regularly rounded in outline and provided with a nar-
Yow, slightly defined marginal rim; posterior margin nearly s.tr-alght,,
With the lateral angles terminating in abruptly pointed extremities, so
Short ag scarcely to project as far backward as the posterior margin of
the second thoracic segment. , Glabella depressed nearly eved with the
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ong as the entire head, and betweg,

: Olg.
dth of the same behind, but narro b

cheeks, about two-thirds as 1

third and one-fourth the breadth Wing
forward to its subtruncated anterior end, and separated from the clmeki

on each side and in front by a shallow farrow ; occipital furrow moqq,,
ately well defined, and continued as rather deep broad ‘furrows alon
the posterior margin of the checks out nearly to the points where g,
facial sntures cut the margin; lateral furrows not clearly defined in ty,,
specimens, but apparently consisting of f(‘mf pairs. .Fa.cla,l sutures (;.
rected at first, for a short distance, forward from the inner anteriop eng
of each eye, then curving gracefully outward as they extend forwarq,
antil near the anterior margin of the head, where they are a little wide,
apart than the distance between the eyes, but again curving rather al).
raptly inward, so as to reach the anterior margin nearly on a line witj
each eye; posteriorly these sutures extend at first outward, nearly at
right angles to the Jongitudinal axis, from the posterior end of eacp
eye, and then enrve gracefully backward so as to intersect the pos.
terior margin between one-fourth and one-third the distance from the
lateral angles, inward toward the glabella. Iyes rather depressed,
slightly arched outward, and separated from each other by a space
somewhat Iess than half the entire breadth of the head, and placed less
than their own length in advance of the posterior margin, and abouf
once and 2 half their length Lehind the front margin of the head; visual
surfaces narrow, aml not showing any lenses under a good magnifier.

¢“Thorax with its length bearing the proportions to that of the head,
of 79 to 52, and to its own Dbreadth, of 79 to 107, being very slightly
wider near the middle than in front, and narrowing posteriorly, with
gently convex lateral margins, from behind the middle to the pygidiam.
Axial lobe depressed, narrow, or only about two-thirds the breadth of
each lateral lobe at its anterior end, and narrowing regularly with
straight sides posteriorly ; segments thirteen, nearly or quite straight,
and each with a small node or prominence at each end. (In some speci-
mens these nodes seem to be wanting, while in others they do not exist
on all of the segments.) Lateral lobes depressed or nearly flat; pleur®
almost transverse or arching slightly backward to near the extremities,
which are abraptly pointed; each with a well-defined furrow, which
commences small near the anterior inner end and widens and deepens
for about half way out, and then narrows and becomes more shallow,
80 as to die out before reaching the lateral extremities.

“Pygidium subsemicireular, being rounded posteriorly, with a nar-
row; slightly flattened border, and somewhat rounded anterior lateral
extremities; length bearing to that of the thorax the proportions of 30 to
793 and to that of the head of 30 to 52, with a breadth of not quite two-
thu_‘ds of that of the head ; axial Jobe equaling-more than two-thirds the
length, narrow, depressed, and showing more or less distinctly about five
Segments ; lateral lobes much depressed, nearly twice as wide at the
anterior end as the middle one, each with about three segments, which
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I little backward and become obsolete before passing upon the
ArTOW) smooth border; segments each provided with a comparatively
Jarge longi;ud{nal furrow, corresponding to those on the pleurz,

« Entire surface apparentl,y smooth, excepting fine radiating striz on
the anterior and lahe?al portions O.f the cephalic shield that are scarcely
visible without the aid cff a magnifier.

«Whole length, 1.60 inch ; breadth of thorax, 1.07 inch; breadth of
cephatic shield (somewhat flattened by pressure), about 1.12 inch;
Jength of thorax, .70 inch; length of pygidium, .30 inch; breadth of
pygidium .60 inch.” .

The very short genal spines of the head and also the peculiar curva-
ture of the posterior margin between the facial suture and the spine, as
shown in Mr. Meek’s type specimen, are owing to the breaking away of
the outer marginal rim and outer side of the spines with it, and the
posterior marginal rim is crushed and bent out of shape and also partly
broken away. Twenty entire specimens show the spines and marginal
rim as in the figure given by Dr. White and as in the figures on plate
xxvil. - .

Formation and locality.—Middle Cambrian. House Range, Antelope
Springs, Utah.

PTYCHOPARIA ADAMSI Billings sp.
Plate xxvi, figs. 1, 1a-c.

Conocephalites Adamsi Billings, 1861. Geology of Vermont, vol. ii, p. 950, fig. 355;
Pamphlet (1861) republished (1865) in Pal. Foss., vol. i, p. 12, lig. 15. Idem,
1863, Geol. Canada, p. 286, fig. 204.

Conocephalites arenosus Billings, 1861. Geology of Vermont, vol. ii, p. 952, fig. 358.
Idem, 1865. Pal. Foss., vol.i, p. 15, fig. 18; Geol. Canada, p. 286, fig. 297,

Original description.—*Head broad, semicircular, moderately convex;
glabella oblong-conical, nearly two-thirds the length of the head, the
front obtusely rounded or somewhat straight, the anterior angles nar-
rowly rounded, the sides nearly straight from the anterior angle to the
neck furrow, just in advance of which is the widest part. The neck
furrow well defined all across; the glabellar furrows indistinct; the
dorsal furrow is well defined all round the glabella. The cheeks are
moderately tumid; a line drawn across the glabella about the mid
length would Pass through the eyes. The distance of the eye from the
dorsal furrow is equal to the greatest width of the glabella; the eye ap-
Pears to be very small. The margin in front of the glabella is equal in
Width to about one-third the whols length of the head; it is bordered
. 1 obtuse, narrow, elevated rim, just within which is a groove which
'S more deeply impressed on each side than directly in front of the gla"

la, there being at: this place a gently convex elevation, resembling

3t which occurs in Barrande’s species, C. Sulzeri and C. Coronatus.

® ocular ridge is well defined where the surface is preserved, but s
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o sandstone casts. Most of the specimens are dis.
ug the median line of the glabella. -
at there may be a median tubercle on the neck seg.
imens have this part sufficiently we]] Pre.

ravely visible in th
tinctly carinate alo

«Jt is possible th
ment, but none of our spec

served to show it. . ‘ '
« The following are the dimensions of a specimen of the average size.

Length of head, five lines; length of. glabell’a, thrfze and one-fourt),
lines; greatest width of glabella, two lines; w1'dth of glabella at front,
one and one-fourtlr lines; distance of eye from side of glabella, two lines,

«Dedicated to the late Prof. C. B. Adams, State geologist of Vermoyt,

« Formation and locality—Highgate, Vermont, in the Potsdam group,
about a mile east of the Highgate Springs.”

. On assembling a large number of specimens of the head of this species
from limestone, arenaceous and argillaceous shale, and arenaceous lime.
stone, we find that it is even more variable than as described by Mr. Bi|.
lings and that it includes the form given by Mr. Billings as C. arenosus,

On plate xxvi figures of the head are given to show variations.

The frontal limb, between the glabella and margin, varies in breadth
and, in the smaller heads, is very narrow; the frontal rim also varies
very much in thickness and breadth. In specimens from a purplish-
colored limestone, the maceration of the test, prior to mineralization, ap-
pears to have gone so far that nearly all the outlines of the glabella,
frontal limb, and rim were lost by the compression accompanying the
consolidation of the sediment.

In the collections of the Museum of Comparative Zoology, Cambridge,
Massachusetts, there is a matrix of a nearly entire individual of this spe-
cies 18mm in length, from Parker’s quarry, and the U. S. Geological Sur-
vey collection includes the greater part of a specimen 40™™ long. TIrom
these we obtain a description of the thorax, pygidium, and free cheeks of
the bead in addition to Mr. Billings’s description.

The free cheeks are narrow and terminate posteriorly in sharp spines
that reach back even with the fifth segment of the thorax.

Thorax with sixteen segments, narrowing gradually to the tenth seg-
ment and then more abraptly to the pygidium; axial lobe about three-
fifths the width of one of the pleural lobes; segments narrow, rounded
on the axial lobe, and flattened on the pleural lobes; the pleural lobe is
flattened about one-half the distance from the axial lobe to its outer
margin and then bent downward, and each segment directed slightly
backward; pleural groove broad, well defined, and extending nearly
to the end of the segment.

Pygi_dium small; axial lobe short, obconical, and marked by two OF
more rings; lateral lobes showing the pleural grooves corresponding to
the axial rings.

.Surface finely granulose under a strong magnifier (Tolles’s g-inch
triplet).
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Fo,-.mation and Ioca!itics.—M‘iddle Cam.brian, Georgia Formation,
Franklin County. Vermont. East of Highgate Springs the species
ranges through the purplish and reddls'h magnesian limestone and up
to the argillaceous s.hales, a total distance of over 1,500 feet. It
:jccul‘s at the same relative h_omzon on the Bullard farm east of Swanton,
and also at Parker’s quarry iu the town of Georgia; also, in the conglom-
erate lime-stones of Bic Harbor, below Quebec, on the St. Lawrence
River, Canada-.

PrYCHOPARIA TEUCER Billings.

Plate xxvi, fig. 3.

Conocephalites Teucer Billings, 1861. Geology of Vermont, vol. ii, p. 951, fig. 356;
Pamphlet (1861) republished in Pal. Foss., vol. i, p. 13, fig. 16, 1863; Geol.
Canada, p. 286, fig. 295,

Original description.— Head semi-oval; glabella conical, convex, well
defined all round by the dgrsal furrows, about two-thirds the whole
Jength of the head, widest just in advance of the neck furrow, sides
gently convex, front neatly rounded, neck furrow well defined all across 3
posterior furrows commencing at about one-half the length of the gla-
bella, and running inwards and backwards nearly to the neck furrow
and one-third across; median furrows curved backwards, and extend-
ing one-fourth across; anterior furrows short; ocular ridges well de-
fined ;~{ront margin one-third the whole length of head, with a well.
defined groove running across, in front of which there is an elevated
marginal rim, which rises with a flat slope upwards and forwards; the
groove across the margin is situated at about one-fourth the distance
from the front of the glabella to the elevated edge of the rostrum; the
cheeks are moderately tumid; the neck segment is well developed, with
a small median tubercle scarcely the fourth of a line in height, which
in some specimens scems to be absent altogether.

“Thorax of 13 or 14 segments; axis strongly defined, cylindrical;
side lobes about one-third wider than the axis.

“The pygidium is very small, being scarcely oue-sixth the length of
the thorax. The only specimen in which it has been observed attached
to the thorax is not sufticiently well preserved to enable me to describe
it in detail. :

“The following are the measurementsof two of the specimens: Length
of head, 44 lines; length of glabella, 3 lines; width, just in advance of
the neck furrow, 24 lines, and at one-third the length from front margin
2 lines,

“Ina specimen consisting of the thorax and pygidium the w!)o]e
length is ¢ lines, of which the pygidium occupies apparentl.y a little
less than 1 line. Width at first segment, 54 lines; width of axis i'll'. same
Place, 14 lines; width at anterior margiu of pygidium, about 3 lines.

“The position of the eye is not shown in any specimen that I ha!.ve
8een, but, from the width of the portions of the fixed cheeks which
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remain, it must be distant from the dorsal furrows nearly the wj th of

the glabella. .
«This species appears to be closely allied to ths one above cited fron

Shumard’s paper, so far as the characters o.f the glabella are concerpeq
As, however, the proportions are a little different, I shall dispose of il:,
as above until I can have an opportunity of submitting a specimen ¢,

Dr. Shumard. .
« Locality and formation.—One and one-half miles east of Swantoy

in Vermont, in the slates of the Potsdam group.”
Mr. Billings describes an entire specimen, but does not figure ik, i
we bave been unable to obtain any more than the head exclusive of

the free cheeks.
The most marked difference between the head and that of P. 4dam;

is in the form of the frontal limb.
A comparison with specimens of P. Billingsi, from Texas, shows ittg

be a distinet species. .
Formationand locality.—Middle Cambrian, Georgia Formation. Abouyt

13 miles east-northeast of Highgate Springs, Vermont; also, in the con-
glomerate limestones at Bic Harbor below Quebec, on the St. Lawrence
River, Canada.

PTYCHOPARIA VULCANUS Billings,

Plate xxvi, figs. 4, 4a,

Conocephalites Vuleanus Billings, 1861. Geology of Vermont, vol. ii, p. 952, fig. 357;
Pamphlet 1861, republished (1365) in Pal. Foss., vol. i, p. 14, fig. 17; Geol.
Canada, 1863, p. 256, fig. 296.

Original description.—‘*Head broad, moderately convex; glabella
obtusely conical, with the neck segment triangular and extended back-
wards in the middle; neck furrow not extending across, being inter-
rupted by a strong carina which runs along the median line; dorsal
furrow all round, but not sharply defined. Front margin about one-
third the length of whole head, with a projecting rim, and a transverse
groove situated two-thirds the distance from the front of glabella.
Cheeks moderately convex; ocular ridge well defined; a line drawn
across the head a little in advance of the mid-length of the glabella
would pass-through the eyes; the latter distant from the glabella at
least half the whole length of the head. No indications of glabellar
furrows visible.

“ Length of head, four and one-third lines ; of glabella, including the
backward projecting angle of the neck segment, three lines; width of
glabella just in advance of neck furrow, two and one-third lines; dis-
tance of eye from glabella, two and one-fourth lines.

“This species differs from C. Adamsi in the character of neck fur-
rows and in the greater proportional width of the glabella.

“ It was found along with ¢. Adamss in the same beds.”
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This species varies in the sh ap.é of the glabella, occipital segment, and
front al limb 80 much tifa.t I am inclined t({ co_nsider it a little more than
5 vatiety of P. Adamsi or P.'Teuccr, as 1t is intermediate to them in
many of its characters. An illustration is given of an extreme form
and also of one tha.t: approaches more nearly to that of P. Adamsi,

It is associated with P. Adamsi at all the localities where it has been
found. " s

Formation and localities.—Middle Cambrian, Georgia Formation,
Franklin Coupty, Vermont, Parker’s quarry, and also one mile east of
Highgate Springs.

PTYCHOPARIA MISER Billings.
Plate xxvii, fig. 2.

waLcor™]

Conocephalites miser Billings, 1861. Geology of Vermont, vol. ii, p- 950, fig. 354 ; also
in pamphlet. Idem, 1863. Geology of Canada, p.286, fig. 293. Idem, 1365,
Pal. Foss., vol. i, p. 12, fig. 14,

Original description.—‘* Glabella elongate, conical, very convex, most
elevated at about the mid-length, slightly narrowed at the neck segment,
widest in the middle, narrowly rounded in front, well defined all round
by the dorsal furrows. Neck segment strongly convex and bearing a
short broad-based spine directed upwards and backwards. Neck fur-
row extending all across; the posterior glabellar furvow well defined
across, forming an obtuse angle backward in the median line ; median
glabellar furrow also running across, but not so strongly defined as the
posterior; anterior furrows extending one-third across.

“Length of glabella, two lines ; width in the middle, about one-half

the length.
“There is no described species to which this one bears any close re-
lation, on account of the peculiar character of the posterior and median

furrows running quite across the glabella.”

In looking over the collection of the Canadian Geological Survey with
Prof. J. T'. Whiteaves, we found a more perfect example of the head
than that figured by Mr. Billings, and I was kindly permitted to have
afigure made of it. The frontal limb, fixed cheeks, palpebral lobes, and
postero-lateral limbs are shown in addition to the parts described by Mr.
Billings.

Formation and locality.—Middle Cambrian. In limestone, associated
with fossils characteristic of the Georgia Formation of Vermont, I’ Anse
au Loup, on the north side of the Straits of Belle Isle.

PrYCHOPARIA QUADRANs H. & W.
Plate xxix, tigs. 4, 4a,b.
Crepicephatus ¢ ( Loganelius) quadrans Hall & Whitield, 1877. Geol. Expl. Fortieth

6 Par,, vol. iv, p. 238, pl. i, figs. 11-13.
ompare P. Adamsi and P. Kingi.

Original description.—¢ Form of entire body nnknown. Glabella and
fixed cheeks together broadly quadrangular, about four-fifths as high
(925)
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as wide and quite uniform in many individuals, very depre%ed.%n
vex or quite flattened, as occurring on the sur:face of the shale iy “'hicl;
they are imbedded ; glabella (hstmctly conical, querately taperyy,

above the occipital furrow, and broadly rounde:d n front; Narkeq
by three pairs of distinet transverse furrows, Wlllcl-l are flirected ob.
liquely backward from their outer ends; the posterw.r pair alimggy i’
quite meeting in the middle, the othel:s .shorter and situated at almogy
equal distances from each other. OCcl-pltal furrow well marked, Propor.
tionally wide and shallow ; occipital ring narrow, not well defineq,

« Fixed cheecks very broad, nearly two-thirds as wide as the glabell,
depressed-convex ; frontal limb short, the broader and inner part 0}
nearly the same width; sides of the limb in front, wide, and slighy)y
rounded at the antero-lateral angles; posterior limb wide at its juu{‘;.
tion with the glabella, and rapidly narrowing outward, being aloyt
once and a halt as long as its greatest width ; ocular ridges slender, by
very distinct, rising from the anterior angle of the eye and Uniting
with the glabella near the anterior furrow, forming a slightly curveq
line parallel with the marginal furrow of the head.

“Tacial sutures directed inward from the anterior margin of the head
to the eye-lobe, behind which they are directed outward and backwarqd
to the posterior margin of the head, at an angle of about forty degrees
to the occipital line.

“A form of movable cheek found associated in considerable numbers
with the glabellas, and corresponding in size and character, is narrowly
triangular, the posterior extremity terminating in a short, blunt spine,
slightly carved; inner angle strongly notched for the reception of the
eye-lobe, and the outer margin bordered by a thickened, rounded rim,
which gradually increases in width to the base of the spine. The facial
suture corresponds to the margin of the fixed cheek above described,
and, on the under side, the anterior border is prolonged in the form of
an acute process, to extend along the anterior border of the frontal limb.

“The pygidium associated with the above specimens is minute, trans-
versely subelliptical in form, most strongly rounded on the front border,
with a wide axis terminating obtusely a little within the posterior mar-
gin. The axis is marked by five rings, exclusive of the terminal ones.
Lateral lobes convex, marked by three or four divided ribs, exclusive
of the anterior single one.

“Surface of the head and cheeks marked by fine anastomosing lines,
radiating from the eye and front of the glabella.” '

This-spec.ies, as far as we know its structure, is closely allied to Pty-
choparia Kingi, and, with the latter species, to P. Adamsi. They are
the. representatives of the same specific type in the distinct localities at
which they occur.

P. quadrata is associated with Olenoides Waksatchensis in a dark,
shaly argillite,
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Tho figure of the head on pl. i, fig. 11, Geol. Expl. Fortieth Par, val,
.. is that of an unusua!ly elongateq specimen, and not the form that is
ivy gt abundant. We give one that is the average form of a number of
moads found at the type locality.
heFo,..matz‘on and localities.—~Middle Cambrian. Alove Call’s Fort, north
of Box Elder Cafion, and. one mile below Argenta, in Big Cottonwood
Caiion, Wasatch Mountains, Utah.

PTYCHOPARIA HOUSENSIS, n. sp.

Plate xxv, fig. 5.

Head small, transversely quadrilateral exclusive of the free cheeks;
moderately convex. Glabella rather small, of almost uniform width
from the posterior margiu to the rounded front; furrows shown only by
a posterior pair ; occipital ring strong and bearing a short small spine
that extends obliquely upward and backward; occipital furrow of mod-
erate depth and continued out as a strong groove on the lateral limbs;
dorsal furrows broad and well defined. Fixed cheeks wider than the
glabella; palpebral lobes small; ocular ridges strongly defined; frontal
limb concave, of medium width, and rising to a strong frontal rim;
postero-lateral limbs short. Surface finely granulose.

Free cheeks, thorax, and pygidium unknown.

This peculiar little head is associated with Ptychoparia Kingi and
Asaphiscus Wheeleri, and, while we have over one hundred perfect spee-
imens of these two species from the same bed, but one fragment of
P. Housensig has been found. This is so strongly characterized by its
form and occipital spine that I do not hesitate to give it a specilic
name.

Specific name derived from the House Range.

Formation and locality.—Middle Cambrian. ITouse Range, Antelope
Springs, Utal.

P1YCHOPARIA PPIOCHENSIS, 1. 8.

Plate xxvi, figs. 2, 2a,b; pl. xxviii, figs. 1, la-e.

General form ovate, moderately convex, usually much depressed by
being flattened in the shaly matrix.
_ Head transverse, semicircular; frontal margin comparatively narrow
I young individuals, becoming broader and more flattened with the
Increase in size of the animal; postero-lateral angles prolonged into
slender spines.  Glabella of medium size, truncato-conical, and marked
}Vith three pairs of short glabellar furrows that increase in sizo and also
In obliquity to the central axis on the larger heads; occipital groove
shallow and rounded downward from the base of the glabella and up-
ward to the moderately strong oceipital ring; a small point or node
oceurs at the center of the latter. Fixed cheeks of medium width; ey
merge in front into 43#%AF:L 1 frontal limb and posteriorly iuto the
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elongate, narro, postero-latfn'al'Iimbs; qml;;e;n;al lobes small; vl
ridges well defined and termnmtmg nearly at the front of t)¢ glabenal:
frontal limb comparatively narrow in the young and broader in th, olde,
and larger specimens. . .

Thorax with 19 segments in two Specimens 30um apnd 4Qum long, ,
spectively; another specimen, 18 long, shows 17 segments ; thq ;ee:
ments are nearly transverse, except at the geniculation on the Dleury
lobes, where the falcate extremities bend slightly backward ; axiq lobg
moderately convex ; pleural lobes flattened half-way out and then curveg
downward to their margin; pleural groove of medium width anq con.
tinued well out towards the extremity of the segment.

Pygidium small, semicircular; axial lobe with 3 or 4 segments; |y,
eral lobes small and marked by furrows indicating about 3 uniteq seg-
ments.

Surface apparently smooth except on the frontal limb and free cheeks,
where fine, irregular stri radiate towards the margin.

The large number of segments in the thorax, 19, is & marked peculiarity
of this species, the usual number of segments in the genus being from
13 10 15. The expansion of the frontal limb with the increase in size
is also very suggestive, as, in the adult, we have the broad, companu.
late limb, and, in the young, the narrow limb with an elevated outer
margin ; a variation that would be given as specific if the intermediate
forms were absent. The small pygidium resembles that of Ptychoparic
Emmrichi (see Syst. Sil. Bohéme, vol. i, pl. xi, fig. 4), except that it is
proportionally smaller,

Formation and locality.—Middle Cambrian. In an argillaceous shale,
at the Chisholm Mine, on the sonthwest slope of the Ely Mountains;
also, on the western slope of the Highland Range, 8 miles north of Ben-
net’s Spring, Nevada.

PTYCHOPARIA sp. ?

Associated with Olencllus Gilberti in a gray, granular limestone, at
Piocbe, there is a species of Ptychoparia that is closely allied in the
head parts to P. Adamsi. The material is too imperfect to determine
satistactorily, at present, its specific relations.

P1YCHOPARIA ? PROSPECTENSIS Walcott.
Plate xxvii, fig. 5.

Ptychoparia ? Prospectensis Walcott, 1834. Monographs U. . Geol. Survey, vol. viih
p- 46, pl. ix, fig. 20,

The general ontline of the head is moderatel y convex, semicircular,
the width being about twice the length.

’.'I.‘he glabella is subconical, truncate in front, and marked by three
pairs of short, slightly impressed, glabellar furrows ; occipital ring dis-
tinctly defined by a narrow, lightly impressed, occipital furrow; fixed
cheeks broad, of equal elevation with the glabella, and extending be-
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and it anteriorly, the space b(?tween them on the vroad frontal limb
yon occupied by 2 small swelling or boss that, bat for the slight trans-
lTellf dorsal furrow between it and the glabella, might be mistaken for
x-er;ntiuua;ion of the latter; the eye lobes are comparatively large for a
?icies of this character and occupy a prominent position on the outer
bpar“i“ of the cheeks, a distinct ocular ridge crossing the latter from the
:lnte?‘ior margin of the eyes.to the dorsal furrow on a line with the front
of the glabella; the lateral limbs are narrow, rather short, and slope rap-
;dly downward back of the eye-lobes; frontal limb broad at the center,
parrowing in front of the fixed cheeks, and bordered anterorly by a not
very distinetly defined rounded margin. The facial suture curves a
little inward in front of the eye .a.nd appears to terminate on the front
line somewhat in advance of a line passing through the center of the
tubercle in front of the glabella; Lehind the eye it extends obliquely
outward and backward to the posterior margin of the head, outlining
an elongate triangular postero-lateral limb.

Under a strong magnifying power the surface is seen to be finely
granulose (see P. 32).

Free cheeks, thorax, and pygidium unknown.

Its associated species are mentioned in the introductory remarks of
this bulletin.

Formation and locality—~—Middle Cambrian. Mountain shale baund of
the Prospect Mountain section, on the east slope of Prospect Peak,
Eureka District, Nevada.

PTYCHOPARIA TRILINEATA Emmons (sp.).

Plate xxvii, fig. 1, la-c.

Atops trilineatus Emmons, 1844, Taconic system, p. 20, fig. 1, pl. ii, fig. 3. Idem, 1547,
Agrl. Rep. N. Y., vol. i, p. 64, fig. 8; pl. xiv, fig. 3. Idem, 1849. Proc. Amer.
Assoc, Adv. Sci., vol. i, pp. 16, 17. Idem, 1855. Amer. Geol., vol. i, pt. 2, p.
115, pl. i, fig. 16.

Atops trilineatus Haldeman, 1848. Amer. Jour. Sci., 2d ser., vol. v, p. 107.

Atops trilineatus Barrande, 1861. Bull. Soc. Géol. de France, 2° sér., t. xviii, p. 269,
pl. v, fig. 1.

Calymene Beckii Hall, 1847. Pal. N. Y., vol. i, p. 262, pl. Ixvii, figs. da-e. Idem, 1848.
Amer. Jour. Sei., 2d ser., vol. v, p. 322

Calymene Beckii Fitch, 1849, Trans. Agrl. Soc. N. Y., vol. ix, p. 865.

Calymene Beckii Walcott, 1879. Pamphlet in advance of vol. x, Trans. Albany Inst.,

5 p. 23.

dlops punctatus Emmons, 1859. Manual of Geology, p. 83, fig. 71.

dlops punctatus Barrande, 1861. Bull. Soc. Géol. de France, 2° sér., t. xviii, p. 271,
pl. v, fig. 3. .

(’j"”"’"‘?”*ﬂfus (Atops) trilineatus Ford, 1871. Amer. Jour. Sci., 3d ser., vol. i, p. 33.

Conocephalites trilineatus Ford, 1873, Amor. Jour. Sci., 3d ser., vol. vi, p. 1?5'

Cﬂ{wccphalitcs (Atops) trilineatus Ford, 1875, Amer. Jour. Sci., 3d ser,, vol. ix, p. 205.

Triarthrus tritineatus Miller, 1877. Cat. Amer. Pal. Foss., p. 223.

Conocoryphe Ford, 1880. Amer. Jour. Sci., 3d ser., vol. xix, p. 1562.

r This trilobite has an interesting history that connects it wiifh :Sb(;
Taconic controversy. First characterized by Dr. Emmouas as typical o
(929)
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the Tacouic system, it was considered by Prof, 15.{:1.11 the samg .
Tviarthrus Beeki of the Utiea 'slate, and not of Importance iy estt ¢
lishing a different geologic horizon f01: the Taconic slates, Ty ., .
antil Mr. Ford, in 1871, published a list of the fossils knoyw
from the conglomerate limestones east of Troy, N. Y., that the Que;
was satisfactorily settled, a fact overlooked by the writer in prel)al_:ml
a list of the synonyms of Triarthrus Becki in 1879 (Trans. Albany 1,,;;
vol. x, p. 23). "

The original specimens figured by Dr. Emmons were fragmentary ang
very much compressed, and the figures of the head and three Segmenty
of the thorax of the best specimens are not so good as the OXiging]
specimen that is now preserved in the collection of the Americay, M.
seum of Natural History, New York, a figure of which is given op Plate
xxvii, fig. 1. Subsequently (Amer. Geol,, p. 115, 1855) Dr. Emmony
described a much more pertect specimen, as follows;

“Crust granulated, cephalic shield semicircular, with its anterior ang
lateral edges turned upwards; posterior angles rounded, facial sutup,
beginning at the outer angle of the cephalic shield and runs nearly par.
allel with the anterior margin to the middle lobe, when it turns at 4
right angle and runs parallel with that lobe; eyes undistinguishable,
body composed of seventeen or eighteen rings, narrowing very gradu
ally to the caudal extremity ; pygidium a flat expansion of the crust,
and is provided with a single ring; axis narrower than the lateral lobes;
rings seventeen, each of which is separated by a groove about as wide
as the rings.  Axis armed by a row of short spines; lateral lobes pro
vided with a row of tubercles or prominences along the median line;
margivs of the rib groove run parallel as far as the tubercle, when they
diverge; tubercles become obsolete towards the tail; caudal shield very
small and provided with one or at most two rings.”

The figure which we reproiluce on plate xxvii (fig. 1c) is that of the
specimen described; it is erushed, and if the same liberty was taken in
making the drawing that was used in that of the first figure we cannot
place much reliance on the details. The whereabouts of the specimen
is unknown to me. -

Dr. Emmons afterwards considered this specimen as belonging fo &
distinct species, A. punctatus; but, from the fact that the original does
Dot preserve the outer shell and that from the parts preserved we cai
POt— Jjudge of its specific distinction, I have considered them as belong:
1ng to one species.

- The first type specimen shows an ocular rid ge and traces of the dirct:
tion of the facial sutures the same as in typical species of the genus
Ptychoparia. '

The generic name Atops preceded that of Ptychoparia, but it Wi
not until years after Ptychoparia had been thoroughly described, illus
trated, and published that Dr. Emmons so defined Atops trilineatt
that even the specific churacters could be determined. The simple Pro-
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a name without figures or description by which congeneric
. g could be included within it is not sufficient to warrant our use of
forl ame Atops in place of Ptychoparia.
ﬂl;':’:mation and locality—Middle Cambrian. Reynold’s Inn, seven
iles north of Union Village, Washington County, New York; in the
mi slomerate limestones on the ridge east of the city of Troy, New
({O;T\ ; also, in conglomerate limestones of Bic Harbor, below Quebec, on
the St. Lawrence River, Canada.

yosal of

PTYCHOPARIA SUBCORONATA H., & W.
Plate xxviii, fig. 4.

Conocephalites subcoronatus Hall & Whitfield, 1877. Geol. Expl. Forticth Par., vol.
. iv, p. 237, plL i, fig. 1.

Original description.—* Glabella short, conical, with straight lateral
margins, regularly converging from the base upward to the rather
squarely truncated summit ; height above the occipital furrow scarcely
exceeding the breadth of the base, and the width at the summit equal
to about two-thirds of the height; marked by three pairs of very oblique,
subequally distant, and moderately distinet transverse furrows. Oc-
cipital furrow narrow and well marked ; ring distinct, widest and some-
what pointed on the center of the posterior margin.

“Iixed cheeks wide, separated from the glabella by distinet dorsal
furrows, prominent and rounded between the glabella and eve-lobe,
almost equaling the convexity of the glabella; ocular ridges slender
and curved. Trontal limb wide and concave, destitute of a thickened
marginal rim, as long as the glabella, and obscurely trilobed from an
extension of the dorsal furrows, forming a convex, boss-like area in
front of the glabella, which is divided transversely by a double de-
pressed line, or narrow fillet, midway of the limb and parallel with the
anterior margin of the head. Eye-lobes about half as long as the gla-
bella, obliquely situated, and separated from the fixed cheek by a deeply-
depressed ocular sinus.

“Facial suture cutting the anterior border on a line with the front
angle of the eye, which it reaches by a broad convex curvature, giving
rounded lateral margins to the frontal limb ; posterior to the eye it is
directed outward, the actual course not determined. Posterior lateral
limbs not seen. Surface of the crust in front of the glabella strongly
striated.

“The species is only known by the glabella and fixed cheeks. The
sPecimens are all minute, but readily recognized by the peculiar formed
boss in front of the glabella.”

This species is associated with Olenoides quadriceps in the same pieces.
of rock. Its nearest allies are P. Prospectensis and P.? Linnarssont
(Monographs U, §. Geol. Survey, vol. viii, pp. 46-48). They all have a
¢ylindro.-conica) glabella, with a rounded boss on the frontal limb; rather

(931)



http://www.geology.19thcenturyscience.org/books/1886-Walcott-CambrianFaunas/README.htm

wide fixed checks, and medium-sized eyelobes. Specifically p, Sutbeoy.
nata differs from the other two species very decidedly. o
Formation and locality—Middle Cambrian. TUte Peak, Wasat,
Range, Utah.
This species was originally referred to the Quebec Group, Lt i
mentioned under the description of Olenotdes quadriceps, the refer{;npe

is now known to be incorrect.
Genus CREPICEPHALUS Owen.
Crepicephalus Owen, 1852, Rep. Geol. Surv. Wisconsin, Iowa, and Minnesota, p. 576,

Original description.—* Generic character. Some rich Trilobite slabs,
occupying the position of the third Trilobite-bed at the Mountain Islapg
section, contain numerous fragments of a Trilobite, a portion of the
cephalic shield of which is seen on the medal-ruled slab, fig. 16 of Tap,
1. A., on the left corner, as well as by figs. 10 and 18 of the same plate,
These, as far as preserved, approach somewhat in form to the genera
Solenosema, Micropyge, and Endogramma; but if the caudal shields, fig,
8 of Tab. 1. and fig. 16 of Tab. I. A., correspond, which seems improb.
able,! as they are abundantly disseminated in the same bed and are min.
eralized in the same manner into a brown, ferruginous crust, contrast
ing strongly against the gray gritstone, then this Trilobite of Mountain
Island must constitute a genus distinet from either of these, and for
which the name Crepicephalus is proposed.

“The rather flat, slipper shaped glabella is tapering and slightly
acuminated anteriorly, with a faintridge in the median line; twosmall
and very superficial depressions, and a posterior faint furrow, very
partially divide the glabella. The facial sutures run nearly parallel to
the margin of the glabella, and join a thickened, cord-like, anterior
narrow border, inclosing a convex area, narrower in front than at the
sides. Oblique plications can sometimes be traced on the cheek-plate,
in advance of the eye, converging towards the apex of the glabella.

“If the associated pygidiums, fig. 8 of Tab. I. and fig. 16 of Tab. L.
A, belong to Trilobites of this species, they are relatively larger than
those of any of the above genera. The axal lobe has four segments;
side lobes bounded by a slightly concave border, which widens pos-
teriorly, and of which the confines are almost rectan gular, with rounded
corners.”

From a careful reading of the author’s deseription of this proposed
genus and a study of all the figures referred to it and also of a series
of specimens from the type locality, there is but little doubt that P.
(Crepicephalus) Towensis is the species to be taken as the type of the
genus.

! This is undoubtedly a typographical error, as the sentence is rendered meaning:
less unless the word probable is used.—C. D. W.
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on pp- 34 _36 of Bulletin 10, U. 8. G-eologica.l Survey, I have spoken of
olations of the genera Ptychoparia, Crepicephalus, &e., statin g that
the r€ cphalus might be used as a subgenus on account of its peculiar
Cre?&?um- The projecting postero-lateral spines of the pygidium are
n,\:g' resent in other genera of trilobites, but not just in the same way.
:1};2 I:]earest I know of is the pygidium of Ceratopyge forficula Sars
?l)lie sil. Etagen 2 und 3, &e.; W‘. C. Brigger, 1882, pl. iii, figs. 19-22),
where the gpines are the exteusion b(?yond the border of the second
nehylosed segment of the central axis. The head of this species is
entirely distinet from thgt of P. (C.) Iowensis. We now have, in the
Geological Survey collectlfms, :chree well-marked species of the group;
one from the Potsdam horizon is represented by entire specimens, some
of which have a length of 15¢™ (55 inches), exclusive of the two postero-
jateral spines of the pygidium, which give an entire length of 20°». This
s the largest species of the Conocephalide that is known to me. It
will be illustrated in the study of the Upper Cambrian faunas.

CREPICEPHALUS LILIANA n. sp.

Plate xxviii, figs. 3, 3a-c.

Head semicircular in outline and terminating in round, sharp, postero-
lateral spines of moderate length. Glabella truncato conical, tapering
moderately to the front, height and width at the occipital furrow
about equal ; marked by three pairs of furrows; the two posterior ex-
tend obliquely inward and backward and the anterior pairs are nearly
transverse in direction; the anterior pair is often very faintly indicated,
and on the glabellas of young individuals, 2mm or 3™ in length, the
furrows show only as faint depressions on the smooth surface; oceipital
furrows broad and well defined ; occipital segment strong and moder-
ately elevated ; dorsal furrows distinct. _

Fixed cheeks broad as the glabella opposite the eyes; posteriorly
they broaden out in the short postero-lateral limbs, and anteriorly
inerge into the frontal limb, which is of moderate width, slightly convex,
and bordered anteriorly by a flattened margin about as broad as the
d.istance from the front of the glabella to the slight but distinct depres-
Slons between the frontal limb and the margin; postero-lateral limbs
grooved near the posterior margin by a distinct furrow. Eyes lunate,
a_boul; one-third as long as the length of the glabella; a strong ocular
ridge extends from the anterior end of the narrow palpebral lobe with
a slightly forward direction, touching the dorsal furrow nearly, but not
duite, opposite the antero-lateral angle of the glabella. Facial sutures
¢ut the anterior margin on a line with the sides of the glabella, and ex-
teud obliquely inward and outward across the margin and then curve
'IWard and extend to the eye; curving around the palpebral lobe, they
¢xtend obliquely outward with a slightly sigmoidal course to the poste-
flor margin, The associated free chevk is irregularly triangular; mar-
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ginal Dorder strong and produced behind into a me(}ium-sized’ shay
spine; central area slightly convex, and marked by striw that radig tl;
B ] . T g

from the base of the eye towards the margin; anteriorly tie I’OPdel-

narrows to a slender point.

Thorax unknown. . ' _ .
Pygidium subguadrilateral in outline, with strong, Shghﬂy‘di"ergin

spines extending back from the p.ostero-lat_eral angles; sides neqy),
straight, slightly converging posteriorly to the base of the spines; poq
terior margin  little concave between the spines; axial lobe proy;,
nent, convex, and reaching five-sixths of the distance between the froy4
and back margins; the sides converging very little towards the ob.
tusely-rounded posterior end ; divided Dy fine transverse furrows iyt
five segments and an obtuse terminal point; the pleural lobes ape
grooved by the extension of the grooves crossing the axis; the tepmp.
nal spines appear to arise from the extension of the anterior segment
of the pygidium. There is considerable variation in the strength and
direction of the postero-lateral spines, but I find this to be true of the
corresponding spines on Crepicephalus Towensts.

Surface of head and pygidium with papille of different size scattered
over it, sometimes so thickly as to give a granuiose appearance to it.

This and associated forms are the only ones we know of this type in
the Middle Cambrian. The type is found in the Potsdam horizon of
Nevada, Wisconsin, and Alabama, and will be fully described in the
review of the Potsdam or Upper Cambrian fauna.

Formation and localities.—Middle Cambrian. Inlimestone associated
with Olenellus Gilberti, near Pioche, and also eleven miles north of Ben-
net’s Spring, on the west side of the Highland Range, Nevada.

CREPICEPHALUS AUGUSTA 1. sp.
Plate xxviii, figs. &, 2a, b. .

Glabella and fixed cheeks sub-quadrilateral in outline exclusive of the
postero-lateral limbs; glabella truncato-conical, sides tapering moder-
ately to the front, height and width at the occipital furrow about equal;
marked by four pairs of glabellar furrows; the two posterior pairs ex-
tend obliquely inward and backward, the third pair being opposite the
anterior eud of the palpebral lobe and transverse to the axis of the gla-
bf:l]a; the fourth pair are very minute and resemble elongate pits oppo-
Slte. the terminations of the ocular ridges; occipital furrow well defined;
occipital segment strong, thickened at the center, and showing a gmall
central node or point near the back margin; dorsal furrows distinct.

Fixed cheeks broad, convex; posteriorly they broaden out into the
sho_rt postero-lateral limbs, and anteriorly merge into the frontal lobe,
which is narrow in front of the glabella, expanding a little laterally;
frontal.margin slightly convex, and broadest in front of the glabella,
narrowing towards the facial sutures, separated from the frontal lobe
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py & DATTOW groove that arches slightly forward on each side of the

conter; in young indgvidzllals. this groo-ve is nearly" obsolete, and the
frontal limb app.earS‘ roader in proportion to the width of the margin,
Postero-lateral limbs very short in the small hefads and of medium length
:n the larger; & well-defined groove occurs just within the posterior
nargin. Palpebral lob.es .of medium length; ocularridge narrow, strong
on the adult and less distinct on the small heads; starting a little back
of the antero-lateral angles of the gla‘l{ell,a, they cross the cheek, trend-
ing obliquely backward to t:he antelo'mr ends of the palpebral lobes.
Facial sutures cut the anterior margin on a line with the sides of the
olabella, and extend obliquely outward and across the broad margin,
;urving inward as they cross the frontal limb and extending to the eyes,
around which they curve on the margin of the palpebral lobe and then
extend obliquely outward and backward, with a slightly sigmoidal
curve, to the posterior margin. Free cheek unknown.

Thorax unknown.

Pygidium with a short strong axis crossed by three furrows; pleural
lobes flattened and marked by the extension of the axial furrows; poste-
riorly the lobes extend info points, leaving an arched posterior border
between the two points of the pygidium.

Surface of head and pygidium papillose; the papillic are scattered
aud vary in size; on the smaller heads they are often not present.

This species is distinguished from the preceding, C. Liliana, by the
clongate form of the head, the more rounded frontal margin, and the
character of the associated pygidium; the latter has a short axis, a
broader space back of the axis, and the postero-lateral angles terminat
ing in points instead of long spines. The two specics are closely re-
lated, but we have a large number of specimens of the head of each,
and the differences hold good in distinet localities and in different sized
heads down to those 3== in length. The small heads of C. Augusta are
quite smooth and the groove between the frontal limb and margin is
nearly obsolete.

Formation and localities.-~Middle Cambrian. Very abundant in lime-
stones of the Olenellus horizon, both in the vicinity of Pioche, and also
eleven miles north of Bennet’s Spring, Highland Range, Nevada.

Genus ANOMOCARE Angelin.
4nomocare Angolin, 1852, Pal. Scand., p. 24.
ANOMOCARE ? PARVUM Walcott.

Plate xxv, fig. L.
dnomocare 1 parvum Walcott, 1885. Monog.raphs, U. S. Geol. Survey, vol. viii, p. 59,
Pl ix, fig. 17,
This is the same species described in Monographs U. S. Geological
urvey, vol. viii, No new material has been obtained since the discov-
€ty of the original specimen in 1880.
Bull. 30——14 (935)
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Formation and locality.—Middic Ca mbrian. Inalimestone, associateq
with Olencllus Gilberti, beneath the arcpaceous shale cm:rymg Ofeneﬂﬂs
@ilberti and 0. Iddingsi, West slope of Prospect Mountain, Bureka Dis.

trict, Nevada.
Genus ORYCTOCEPHALUS n. gen.

(OpusTic, furrowed. and segiiy, head.)

Glabella oblong, transversely Iobed ; eye central, with & narrow oy,
lar ridge connecting it with the ax]al furrow abm}t the gl;}ben‘a; facial
suture marginal in front and cutting the posterior margin within the
postero-lateral angles ; free cheeks spinous.

Thorax unknown. .
Pygidium with segmented axis and pleural lobes; margin spinous,

This genus is founded on numerous specimens of the head and pygig.
jum of a small trilobite that, in its generic and family relations, ap.
proaches Parabolina of the family Olenide. The combination of char-
acters shown in the head and pygidium serve to distinguish it from any
generic form known to me.

Type Oryctocephalus primus.

ORYCTOCEPHALUS PRIMUS N. Sp.
Plate xxix, figs. 3, 3a.

Entire head as restored by the union of the free cheeks to the central

portions of the head, transverse subsemicircular. Glabella elongate,
quadrilateral, sides parallel, front broadly rounded and, in some speci-
mens, showing a slight indentation midway; surface marked by four
transverse furrows that terminate in little pits within the margin of the
glabella; a shallow depression unites the pits on each side within the
margin, and there is on some glabellas a very shallow depression run-
ning obliquely backward from each pit to the axial furrow; the trans-
verse furrows uniting the pits are strong and arch a little backward
at the center; anteriorly a shallow pit occurs a little back of the antero-
lateral angles of the glabella that opens out into the axial furrows; the
?ceipita.l furrow is represented by the posterior pair of pits and connect-
ing furrow, and the strong occipital segment is united to the glabella at
each end within the axial furrows; axial furrows strongly defined.
' Fixed cheeks nearly as broad as the glabella ; they narrow slightly
in front and broaden out posteriorly into the short postero-lateral limbs;
frontal limb practically obsolete ; a narrow raised margin borders the
front of the head; palpebral lobe narrow and with a deep groove be-
tween it and the fixed cheek; a narrow ocular ridge crosses the fixed
che.ek from the palpebral lobe to the axial groove opi)osite the small an-
terior depressions on the side of the glabé]la. Free cheeks clongate,
convex, bordered by a narrow rounded rim that extends backward as a
short spine; visual surface of eye broken away.
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porax unknown. .
Associated pygidium with a strong. axial lobe and divided into five
rings and into a terminal elongate ring by five transverse furrows ;
pl eural lobes strongly grooved by‘four anchylosed pleural segments that
terminate in SG_I'OBg, elongate p‘omts; a fifth segment terminates in a
oint on each side of the posterior end of the axial lobe.
surface of the head and pygidium apparently slightly eranulose.
This trilobite is so distinct in its character that, beyond referring the
genus t0 the Olenide, there are few comparisons to make save thiose
hinted at under the generic description.
Formation and locality—Middle Cambrian. In limestone just above
the quartzite, east of Pioche, Nevada.

Genus PROTYPUS n. gen.

Type Protypus Hitcheocki Whitfield.

The only entire example of an individual of this genus is the type of
the typical species, and, until more is known of other species referred
to it, the description of the species gives the generic characters.

ProTYPUS HITCHCOCKI Whitfield (sp.)

Plate xxxi, fig. 4.

Angelina Hitcheocki Whitfield, 1884. Bull. Amer. Mus, Nat. Hist., vol. i, 148, pl. xiv,
fig.13.

Original description.—* Body ovate in outline, largest across the base
of the head and gradually narrowing behind ; distinetly trilobed lon-
gitudinally.

“Iead broad, semicircular in outline, being about twice ax wide
across the base as the extreme length from the front margin to the pos-
terior side of the occipital ring. Glabella proportionally large, with
parallel sides and rounded front. Surface convex and apparently des-
titute of any glabellar furrows. Frontal limb narrow in frout of the
glabella and bordered by a narrow rounded rim. Fixed cheeks pro-
portionally broad, crossed in frout of the eyes by a distinct ocnlar
ridge, which is curved and runs nearly parallel to the margin of the
he}‘(_l- Lateral limbs large, triangular, and extending nearly to the
origin of the cheek spines. Eyes large, reniform, and the palpebral
lobes flattened: Occipital ring narrow and divided from the glabella
And fixed cheeks by a narrow groove. Movable cheeks elongate-tri-
“hgular, curved on the outer margin, moderately convex over the
cenitral area, and projected backward at the posterolateral angles in
Short spines, Facial suture passing a very little outward in its course
from the eye to the anterior margin, which it cuts nearly ab right angles
to the border; behind the eye it passes obliquely outward and back-
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ward with a slight curvature to just within the cheek spine, f‘"‘lning .

; tri ar lateral limb.

very broadly triangular la .
-"yThorax nearly once and 2 half as long as the head, consistiy,
twelve segments, and n

terior end ; strongly trilo

early twice as wide at the anterior as at t)e ?}o:f

bed, the axial lobe forming one-thirq of the
width anteriorly, but rapidly tapering backward; at the twelfth seg.
ment its width does not exceed one-fourth of the whole. Axig] lobe
convex, the segments well ma-rkeda narrow and rounded, separateq by
broad grooves; pleura straight, direct and flattened for nearly tyw,.
thirds of their length, from which point they are rapidly narrowed to,
point, which is not recurved, but which is a little back of the centrq)
line of the rib. Surface of the pleura broadly channeled, the furroy
occupying nearly the entire width of the ril? and extending to the ey.
tremity.

« Pygidium small, semi-elliptical, and transverse, about four times as
wide as long, and marked by three furrows, both on the very small axis
and on the lateral areas. Axis terminating within the posterior margin
of the plate. s

« Surface of the test smooth.

« The generic relations of this trilobite are not exactly those given by
its author to the genus Angelina, but they are more nearly like them than
of any other described. The general form and proportions are very sim-
ilar, as is also the general appearance; but in the head parts it differs
principally in the possesion of very distinet glabellar furrows, which isin
direct opposition to the generic diagnosis, and the eyes are larger than
those of the typical species. In some lights the specimen figured secms
as if it had possessed two pairs of glabellar furrows,! but they are so very
unsatisfactorily defined that I have chosen rather to consider them as ab-
sent. The great difference, however, is the nature of the furrows of the
pleura and the pointed extremities of these parts. In the A. Sedgwicki
the furrow is narrow at each end and broadest and angular at the genic-
ulation, which is near the middle of the length, while in this one the
furrow is broad at the inner end of the pleura, and retains its breadth
and depth for the entire length, only narrowing as the extremities of
the ribs are narrowed, while the extremities of the ribs cannot be fairly
said to be bent backward to avy degree. These points of difference,
although considerable, I have not deemed of sufficient importance to
constitute a distinet genus, rather considering that the typical species
was followed too closely in the original generic description.”

After reviewing the character of the genus Angelina and those of the
species under consideration, I am led to differ with Prof. Whitfield and
to consider the differences of generic importance.

Briefly enumerated, they are: The presence of strong ocular ridges
o

! The author probably meant ooular ridges.
(938)
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s 00 fference in the type of the pleural lobes of the thoracic segments,
. d the pygidium of Angelina, which has a spinose margin.
a"m a second species found famt Parker’s quarry, P. Pparvulus, very faint

Jabellar furrows are shown in a natural mold of the glabella.

The only specime!} yet known to' me of P. Hitchcocki is the one de-
seribed by Prof. Whitfield, and now in the American Museum of Natural
History, New York. od ,

Formation and Iocahty.—h‘:[lddle Cambrian, Georgia Formation. Par-
ker’s quarry, town of Georgia, Franklin County, Vermont.

PROTYPUS SENECTUS Billings.

Plate xxxi, figs. 2, 2a-¢.

Bathyurus senectus Billings, 1861.  Geology of Vermont, vol. ii, p.953, figs. 359, 360.
Pamphlet (1861) republished (1865) in Pal. Foss., vol. i, p. 16, 1863. Geol.
Canada, p. 286, figs, 208a,b. !

Compare Bathyurus parvulus Billings, 1861, Geol. Vermont, vol. ii, p. 953.

Original description.—“Glabella subceylindrical, clavate, strongly con-
ves, one-fourth wider at the front margin than at the neck segment,
sides nearly straight, front obtusely rounded and presenting a strong
convex elevation, neck furrow extending all across, three pairs of gla-
bellar furrows represented by small but distinet and obtuse indenta
tions in the sides. Fixed cheeks, rather strongly convex. ILlyes of mod-
erale size, semicircular; o line drawn across the head at about one-third
the length of the glabella from behind would pass through them, and
they are distant from the side of the glabella about the width of the
neck segment. The front of the neck is surrounded by a varrow border
which appears to be flat; there appears to be some evidence of a spine
on the neck segment.

“The pygidium found in the same fragment of stone with one of the
specimens of the glabella of this species is in all general characters that
of a Bathyurus. It is semicircular, convex, axis cylindrical, strongly
convex, terminating behind with an abruptly rounded descent, six an-
nulations, the first three or four most strongly defined. The lateral
lobes have four segments each, separated by strong rounded furrows;
there is a narrow entire margin all round, with a distinct groove inside,
which appears, however, to be interrupted at the end of the axis.

“The dimensions of the most perfect specimens are as follows:

“G]abella, length three and one-half lines; width at neck segment
one and one-half lines, at the front two lines; distance of the eye from
the side of the glabella one and one-balf lines. The eye appears to be
about three-fourths of a line in length.

“Pygidium, length three lines; width at anterior margin five and
one half lines; width of axis one line.

“Locality and formation.—Anse au Loup, on the north shore of the
Straits of Belle Isle. Limestone of the Potsdam group.”

(939)
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In the more arenaceous and calcarcous layers of the upper Portig,
Parkers quarry the heads and l)‘ygl(ll‘cl of this species are quite abnof
dant, and, on comparing them with the figure and description of -
nectus, we place them und(.ar tha_t species. - . .
The figure and description given by Mr. Billings require the prg
ence of short obtuse glabellar farrows, and these we finq st'
specimens ; ten other specimens of the head do not show them, I::
other particulars the head appears to be the same, and the assoq, i
pygidium is similar to that found- with P. senectus; and, as they ap,
from the same relative geologic horizon, I prefer to place the Very,
species under P. senectus rather than to fna-ke ahew species for its recey.
tion. The species Bathyurus parvulus is associated with P. senectyg at
I’Anse au Loup, is almost identical in appearance with some sPecimeng
of the head of P. senectus as found in Vermont, and it is, as yet, uncer.
tain whether the latter should be referred to P. senectus or P, parvulys,
The condition of preservation is the cause of the two forms in the Ver.

mont rocks.
P. parvulus is placed as a variety of P. senectus, as I am unable to

clearly understand the type of P. parvulus.

In studying broken fragments of trilobites it is difficult to determine
generic, much less specific, relations ; but, from a study of the type of
the genus Bathyurus, I do not think we can refer any known species*
from the Middle Cambrian to that genus.

In some respects this species approaches quite closely to Corynerochus
spinulosus Angelin (Pal. Scan., p. 59, pl. xxxiii, figs. 9, 9a); but, until we
have a more complete description and better figures of that species, it
would be hazardous to make a generic identification.

Formation and localities.—Middle Cambrian, Georgia Formation. Par-
ker’s quarry, town of Georgia, and one and one-half miles east of Swan-
ton, Franklin County, Vermont; also, on the Labrador coast, as men-
tioned above.

Genus SOLENOPLEURA Angelin.

Solenopleura Angelin, 1852. Pal. Scan., p. 26.

SOLENOPLEURA NANA Ford.

Plate xxvii, fig, 3.
Solenoplenra Nana ¥ord, 1878, Awmer. Jour. Sci., 3d ser., vol.xv, p. 126.

. Original description.—<The largest and best-preserved specimen cot-
sists of a nearly perfect glabella and the greater portion of the fixed
cheeks, and is but two lines in length. The glabella is nearly four-fifths
thf} total length of the head aud is especially characterized by its great
relief. Ttis obtusely conical, slightly widest behind, and is well defined
all around by the dorsal furrows. In a specimen two lines in Jength its
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highest point is I-lea.rly one anq. one-i_xa‘lf lines above the base of the
fixed cheeks. It is marked on either side by two or three faint furrows,
The fixed cheeks are notably convex, but their relief does not exceed
one-third of thab of the glabella. The eyes are situated slightly in
advance of the mid-length and are connected with the frout of the
alabella Ly an obscure ocular ﬁllPt. The distance from the eye to the
glabella is nearly equal to the width of the glabella at the mid-length.
The front margin is narrow and is bounded by a feebly convex rim
inside of which there is a narrow furrow which gradually deepens 01;
either side of the medianline in passing outward. Between this furrow
and the glabella there is a somewhat angular ridge which widens in
passing outward to the sutures.

«The course of the facial suture is nearly the same with that of
Solenoplewra brachymetopa of Angelin (Palzontologia Scandinavica, pl.
xix, fig. 1), but is directed more inward in front of the eye. The neck
furrow is continuous all across. The exact form of the neck-segment
cannot be made out, owing to the damaged condition of all of the speci-
mens at this point. It is seen, however, to be less elevated than in the
majority of the species, not rising above the surface of the fixed cheeks.
The entire surface is covered with a tine regular granulation.”

Specimens in the United States Geological Survey collection show
that the occipital segment rises towards the center to form the base of
a short spine that projects backward and upward to the base of the
tumid glabella. In a head 7™ long the furrows of the glabella are
shown very distinetly.

Formation and locality.—Middle Cambrian. Conglomerate limestone,
on the ridge east of the city of Troy, New York.

Genus BATHYURISCUS Meek.

Bathyurisous Meek, 1873. Sixth Ann. Rep. U. 8. Geol. Surv. Torr., p. 484,

Bathyuriscus was proposed by Mr. Meek at the end of the description
of Bathyurus # Haydeni in event that the latter species was found to be
non-congeneric with Bathyurus extans, the type of the genus Bathyurus.
Mr. Meek says: “If further comparisons show it to be generically or
subgenerically distitict from all of the groups mentioned, as I believe it
to be, it may be designated by the name Bathyuriscus.”

Having found that two other species are generically allied to B. Hay-
deni and distinct from any deseribed genus, I refer them to Mr. Meek’s
genus; and from the three species, Bathyuriscus Haydent, B. producta,
and B. Houwelli, the following description is drawn:

General outline ovate. Head medium size, semicirenlar. Gla'bella
straight or slightly expanded in front, marked by three or four pairs of
glabellar furrows. Eyes elongate. The facial sutures cut the anterior
margin of the head a short distance each side of the line of the greatest
expansion of the glabella, and extend obliquely inward to the anterior
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s of the eyes; encircling the latter, they extend obliquely gyy,
rgin so as to leave a narrow elongat 1, .-
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base '
cutting the posterior ma
limb. Free cheeks unknown. .

Thorax with from seven to nine segments; axis strong ; Dleura] lo
well defined ; pleural groove broad. es

Pygidium semicircular; axis strong and crossed by several furroy,
lateral lobes marked Dy the extension of the furrows crossing ¢}, a‘x.si

Hypostoma of B. producta irregularly o-vate; broadest a little foma;fl'
of the center; posterior marginal rim raised ; a strong sulcus exteng
around inside the rim; muscular scars well defined, §

In many respects the head is similar to that of the genus Olenoides.
the thoracic segments recall those of Ptychoparia, and the pygiﬂiun;
might be taken for that of a species of Bathyurus, or perhaps Ogygia,
The general assemblage of characters points to a generie type distint
from any known to the writer.

The geologic range of the genus is from the Middle to the Upper Cap.
brian. Bathyuriscus producte is associated with Kutorgine pannuly,
Olenoides typicalis, and Ptychoparia. Piochensis, &c., in a Land of shale
2,000 feet below a typical Upper Cambrian or Potsdam fauna, such a5
B. Haydeni is found with in Montana. The intervening strata between
the two species in the Highland Range, Nevada, are massive limestones,

(See Highland Range section, p. 34.)

Iatera;

BATHYURISCUS HOWELLI 1. sp
Plate xxx, figs. 2, 2a.

General form ovate. Entire form of head unknown, but from the
parts preserved it appears to have Deen semicircular, Glabelia clavate,
expanding in front of the second pair of glabellar furrows; posteriorly
the sides are subparallel to the occipital segment; the posterior pair of
glabellar furrows are directed obliquely backward nearly to the oc-
cipital furrow; the second pair are less obliquely inclined backward,
and the third pair penetrate directly in, one-third the distance on each
side. Occipital furrow well defined ; oceipital ring rounded and rather
stroug. IEyes large, Iunate, the extremities close to the glabella.
Fixed cheeks very narrow; postero-lateral limbs narrow elongate;
frontal limb narrow, slightly convex, and expanding but little in front
of the glabella. The facial sutures cut the anterior margin and trend
obliquely in to the anterior end of the eyes; encircling the large palpe-
bral lobes, they extend outward from the posterior ends of the eyes and
cut the posterior margin of the head well out towards the genal angle.
Free cheeks unknown,

Thorax with eight segments. Axial lobe convex, tapering very grad-
ually from the anterior segments to the pygidinm ; each segment is well
defined and arches slightly forward ; pleural lobes moderately convex;

the segments curve gently backward from the genal angle and terml
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sate in short falcate points , plt.mfal groove rather broad and deep, and
sonti nued nearly t(.) tlzte eyftlemltp of the‘ segmet.it..

Pygidium subelliptical in outllpe; axis prominent, elongate, subcon-
scal, divided by four transverse furrows into four rings and a terminal
segment; the pleural lobes are less convex, and, towards the margin,
dattened out so as to form a broafl, shghf:ly convex border across which
the four anchylosed segmquts, with their pleural grooves well defined,
extend nearly to the margin.

Surface not preserved so as to show any surface strie.

Dimensions: Length of entire body, 23™m; head, 9™ ; thorax, g,
pygidium, 6. . o :

The pygidium of this species is much like that of several referred to
the genus Bathyurus, but in all other characters it is far outside that
genus.

From the associated species, B. producta, it differs in having a differ.
ent type of frontal margin to the head and in the extension of the
pleural groove of the thoracic segments out nearly to their extremities.
The pleural lobes of the pygidinm also show the anchylosed segmental
division much wore strongly. The difference of one segment would not
be of specific value in all cases, but, united with the other differences,
it serves to distinguish the species.

The type specimen is the only one yet discovered that shows head,
thorax, and pygidinm. It is entire, with the exception of the free cheek,
and the form is but slightly compressed.

Formation and locality.—~Middle Cambrian. Inan argillaceous shale
at the Chisholm mine, on the southwest face of the Lly Mouutains,
near Pioche, Nevada. A pygidium was found in the Highland Range
section twenty miles farther West.

BATHYURIsCUS rrobuctus H, & W.
Plate xxx, figs. 1, la-i.
Ogygia producta Hall & Whitfield, 1877. Geol. Expl. Forticth Par., vol. iv, p. 244, pl.
ii, figs, 31-34.
Ogygia parabola Hall & Whitficld, 1877. Geol. Expl. Fortioth Par., vol. iv, p. 245, pl.
ii, fig. 55,

The original description of the species is unsatisfactory, as it is drawn
from imperfect material. I have before me all the type specimens, also
a large collection made by Mr. J. Ii. Clayton for the Wheeler Survey,
“““1 & collection obtained the past season in the Highland Range of
("31“_1“-11 Nevada, where the stratigraphic position of the fauna was de-
termined; the same horizon was also found in Big Cottonwood Caiion

of the Wasateh Range in this same relative position just above fhs ie
ellus Gilberti zone.

Form ovate. Head of medium size and nearly sewmicircular; margin

‘J_m'd“m‘l by a narrow rim that, at the genal angles, is prolonged into a
father strong spine. Glabella elongate, and expanding slightly near
(943)
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end of the eyes and on towards the front, whep, ;
eo pairs of farrows are well defined on smg), $ h
shown on the larger heads; the POSterio;. ie(:i‘
ard nearly to the oceipital furmw; the Dajp

about one-third the distance ae:““ ]
0sg
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the anterior
proadly rounded; thr
mens and more faintly
penetrate obliquely backw
and third pair extend transversely . .
the third pair are opposite the anterior end of the eyes. Oceipity) flir;
row well defined, both across the gl-a.hella, and out on tl.? lateral limbg.-
occipital segment broad and convexin uncom!';ressed Specimens, I'\!‘Ont; ;
Jimb narrow and usually little more than a t;h.lckened rim.  Fixed Chegg
narrow and, except on the postero-lateml limb, almost obsolete. Freg
cheeks subtriangular, rather iarge, and produced posteriorly in the genal
spines of the head. |

Thorax with seven segments; axis moderately convex; gradualy
tapers from the anterior segment posteriorly; segments well defipg,
pleural lobes gently convex; the pleuric curve backward near thei;
pointed extremities; pleural groove broad and distinctly marked apoy
two-thirds the distance out from the axis; the flattened extremity shoyg

no trace of it. )
Pygidium broad, subelliptical in outline; proportions of length ang

breadth varying very much, owing to distortion Dy compression in the
shaly matrix; the normal form appears to be less than twice as wide as
long; axial lobe less than one-third the width anteriorly and tapering
gradually to the posterior extremity, which 1s about one-fifth the dis.
tance of the length of the pygidinm from the posterior margin; margin
rather broad and usnally well defined; axis marked by about six rounded
rings, that vary in strength in different specimens; pleural lobes de-
pressed convex and marked by four or five pleural grooves on well-
preserved specimens. The surface characters are usually destroyed,
but on some of the better-preserved specimens it is seen to have been
very delicate and much like that of the genus Olenellus, having iuos-
culating, subimbricating striz over nearly all portions of the test except
on the free cheeks, where irregular lines radiate from the base of the
eyes to the margin.

We rarely meet with a species that shows a greater variation it
the form and character of the glabella and pygidium than this; it all
appears to be owing to the extent of the maceration of the shell before
the solidifying of the sediment, the character of the sediment, and the
su-bsequent distortion by eompression and lateral movement in the ma-
trix. Tl-le several figures tell the story better than any description. On
the specimens showing the broad rim, the grooves are removed by con
£n and the reflex margin or doublure heneath gives the outlinet?
th? S 90 the upper surface. On the better-preserved specimens, the
ax'la-l rings, pleural grooves, and margin show much as when in theif
original condition.

It was owing to these distortions that Messrs, Hall and Whitfield
were led to describe a second species, Ogygia parabola, from the jmper-
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. material at their @mmaud. The study of the variation of form
Jifferent conditions of preservation is an essential one and is
u crdis regarded by paleontologists, more especially in relation to the
Omutef or less convexity of form. This remark is caused by reading
mdescril’t'io" of trilobites preserved in shales when the form is given
the gy flattened, &c., as a specific character.
ast;;l*;)n ation and localities—Middle Cambrian. Just above the Olenel-
Jus-bearing strata, one mile below Argenta in Big Cottonwood Cation;
«I;SO at City Creek, Wasatch Mountains ; Last Cafion, Oquirrh Mount.
:iu s’, Utal; and at the Olenoides horizon, 2,000 feet below the Potsdam
il the Highland Rauge section, near Pioche, Nevada.

Genus ASAPHISCUS Meek.

Adoaphiscus Meek, 1873. Sixth Ann, Rep. U. 8. Geol. Silr\'cy Terr., p. 435, foot-note,
1872

Origingl deseription.—*‘Asaphicus differs from the typieal forms of
Batbyurellus Billings, to which it is nearly allied, *in having its conical
glabella decidedly depressed and the margin of the head in front of it
first convex and sloping forward into a deep transverse mesial furrow,
then rising in the form of a convex margin to the front. The mesial
lobe of its pygidinm is also proportionally longer, and the free margins
of the same much narrower and less flattened and alate. It probably
only forms o subgenus under Bathywrellus, From Asaphus, with which
it agrees in general form and proportions, it differs in its decidedly con-
jcal, well-defined glabella, without lateral furrows or lobes, the extended
and transversely furrowed character of the anterior margin of its head,
its less arcuate eyes placed more remote from the glabella, and partie-
ularly in having nine body segments, iustead of only cight. As in
Asaphus, its pleura are distinctly furrowed, but they are more pointed
than is usnal in that genus, though not faleate.  Its surface is smooth.

“The generic and specific characters will be given in full, with illus-
trations, in Lientenant Wheeler’s Report.

“Several American species with a similar depressed, conical glabella,
without traces of lateral furrows ov lobes, have been described from
fore or less complete specimens of the head, under the nawme Gonoceph-
dites. Tt is evident, however, from its smaller number of body seg-
ments, large pygidium, and differently formed plural grooves, that
Asaphiseus is entirely distinet from that group.”

¥rom reading the descriptions of the genera Bathyurus, Bathyurellus,
“nd Asaphiseus, I cousidered that thewo latter genera had been sepa-
fated on specific rather than generic characters (Twenty-eighth Aon.
Rep. N, v, State Mus, Nat. Hist., p. 94, 1879), but now that [ have ex-
amples of the typical species of Bathyurus (B. estans) and Asalll{iscus
A Wheeleri) before me their generio differences are readily aPPI‘}‘C‘Me‘L

¢ pygidinm of Asaphiscus is identical in character with that of Bathy-
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30,

urus, and from the pygidium alone the reference would be to Bat
The head, however, shows strongly marked differences, as e
by Mr. Meck. With Bathyurus it is more difficult to decide.

Mr. Billings gives as a distinction between Bathyurus ang Batl
rellus that the latter has a conical or pointed glabella without, t.l-aces u.
glabellar furrows, while Bathyurus has a subcylindrical glabella, I‘Ouudf]r
in front and marked Ly obscure furrows, ¢ the pygidium of whigj, al _‘
differs in not being strongly convex, in having a shorter axis, anq ?2
general a wider border.”

Another marked difference between the two genera is in the copg 0
ration of the frontal limb; it also occurs between Bathyurellyg ami
Asaphiscus; this, together with the differences in the pygidium, serveg
to distinguish the two latter. .

When reviewing the Potsdam fauna, the relations of the gener,
Bathyurus and Bathyurellus will be discussed and figures of the typ-
ical species given.

hy‘“‘lls.
nti One‘l

ASAPHISCUS WHEELERI Meek.
Plate xxxi, figs. 3, 3a.

Bathyurellus (Asaphiscus) Wheeleri Meck, 1873. Sixth Ann. Rep. U. S. Geol. Sury,
Terr., p. 485, foot-note, 1872,

Asaphiscus Wheeleri White, 1875.  Geog. and Geol. Expl. and Surv. West 100th Merid,,
p- 43, pl. ii, figs. 1 a-f.

The description of this species by Mr. Meek has already been given
under the genus Asaphiscus. Subsequently Mr. C. A. White described
the species from the type specimens as follows:

“ Body oblong-ovate in outline; surface smooth. Head depressed
convex; front margin regularly rounded; postero-lateral angles ab
ruptly rounded, without cheek spines; exterior margin bent shortly
upward all around, producing a raised border of considerable width,
and also a rather deep linear depression, or groove, parallel with that
border and between it and the remainder of the cheeks. Glabella coni-
cal, much wider behind than in front, depressed; space between its
anterior end and the marginal groove about equal to the width of the
raised marginal vim in front of it; outline well defined by the narrow
dorsal furrows; sides nearly straight; anterior end abruptly and pos-
terior end broadly rounded, without lateral furrows, or at least they are
hardly discernible ; occipital furrow shallow, broad, but somewhat dis-
tinct and uniform, extending entirely across the glabella, and continuous
with farrows similar to itself that extend to the postero-lateral angles
of the head; the latter furrows lie parallel with and near to the pos-
terior margin of the head, giving that margin also a raised bordef
somewhat like the one upon the exterior margin, Iyes cmnpumtively
small, crescentic, situated nearly opposite the mid-length of the gl
bella, and nearly equidistant from it and the posterior margin.
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« Thorax havifl g ning segmentfs ; its length not quite so great as that
of the head; axis broa.dest {al,ntﬁrxorly, m(.:'re strongly convex, and about
one-third narrower than the lateral lobes are; segments extending
straight ACroSs the'lobe; lateral lobes deprc;ssed, their greatest con.
vexity along _the-mld(?le; pleur® bluntly pointed at their outer ends,
the points not bemg (11rgcte(1 very strongly backward ; their inner ends
so joined to the axial segt'nent? tl'mt they have the appearance of lap-
ping 2 little upon them just m.sule the dorsal farrow ; grooved, the
roove being deepest about mid-length, whem the outer and inner
;ortioﬂs of its front border meet at a distinct but very obtuse angle;
srooves extending from the dorsal furrow nearly to the extremity of
the pleure, where they disappear.

«Pygidium somewhat semicircular in outline, distinctly trilobate;
segmentation indistinct, so much so in some of the specimens that the
surface appears nearly as plain as that of an Asaphus, but the seg-
mentation is usually more distinetly shown upon surfaces from which
the crust has been removed; axis promiuent, especially at its distal
end, where it terminates abruptly at the inner edge of the broad mar-
ginal border; segments of axial lobe eight or ten; lateral lobes much
depressed, a little wider than the axial lobe at the anterior end, and
narrowing to an incurved poiut at the end of the axis; the whole exte-
rior margin having a broad, flat border of nearly uniform width through-
out; the under surface of this border marked by fine, somewhat irregular,
longitudinal strie, such as are usually seen upon corresponding parts

of Asaphus. :

“The largest specimen in the collection is about seven centimeters
10“11’

g.

“These specimens are the same that were used by Mr. Meek in his
description of this species, and upon which he also based his genus
Asaphiscus.”

All the specimens are more or less flattened by compression; but
from a few that show portions of the original convexity it is proven to
have been about as in the genus Bathyurus. The strongly marked
border of the pygidium also arises from the compression of the doublure
Up against the upper surface. In an uncompressed specimen the slope
from the central axis to the margin is unbroken by any marked line.

Formation and localities.—Middle Cambrian. House Range, Antelope
Springs, Utah. Au identical form of pygidium also occurs at Pioche,
Nevada, associated with Olenoides typicalis.

Genus DORYPYGE Dames.

Dorypyge Dames, 1883. China, Richthofen, vol. iv, p. 23.

It was not, until the last pages of this report were put in type that I
ad the opportunity of reading Dr. Dameg’s description of the genus

(947)
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Dorypyge and his reference of Dikellocephalus qua-df'icqps and D. gog; o
of H. & W. to that genus (China, Richthofen, vol. iv, p. 24). 4

On pages 187 and 189, I have placed the two species under the geny
Olenoides while waiting for proof of the character of the border of th:
pygidium of the genus. I have very little doubt of its being Spinong
and if it is so the species described by Dr. Dames will probably fa]i
within its limits, and the genus Dorypyge be placed as a synonyp, of
Qlenoides.

In the event of Olenoides Nevadensis being generically distinct from
Dovypyge Richthofeni Dames, then Olenoides typicalis, O. Marcoui, ¢,
spinosus, 0. levis, O. Slagricaudus, 0. exrpansus, 0. quadriceps, and 0.
Wahsatchensis may be referred to the genus Dorypyge.

It is hoped that this question will be settled during the present yeqy
by the acquisition of large collections of fossils from the typical localitieg

in Utah and Nevada.
(948)
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ION OF A PTEROPOD FROM THE UPPER
pESCRIFT CAMBRIAN.

PTEROPODA.

Genus MATTHEVIA Walcott.

Vatthevia Walcott, 1885, Amer. Jour. Sci., 3d ser., vol. xxx, p. 17.
Ma

Shell conical ; aperture sinuous; transverse section ovate, elliptical, or
rounded subquadrate; interior with two elongate chambers diverging
from the apex and opening into a large, single, terminal chamber; both
of the interior chambers are crossed by a single imperforate septum;
calcareous; surface papillose. Operculum calcareous, nucleus eceentric,
lines of growth concentric.

Type, Matthevia variabilis.

The generic name is proposed in honor of Mr. G. I'. Matthew, who is
doing so much good work on the St. John Cambrian fauna.

This peculiar shell is so distinct from all described forms referred to
the Pteropoda that a new family, Matthevide, is instituted to receive
the one genus now known.

In form and surface markings it approaches the genus Conularia;
the operculum may be compared to that of Hyolithes and the imperto-
rate transverse septum allies it to both Iyolithes and Conulavia. Its
thick shell is observed in the genera Conularia, C. fecunda Barr. (Syst.
Sil. Bohéme, vol. iii, pl. viii, fig. 8); Hemiceras, IL. cylindricus Bichwald
(Lethea Ross., vol. i, atlas, pl. x1, fig. 17; pl. xlii, fig. 29); and Hyolithes,
Il. tmpar Ford (this Bulletin, pl. xiv, fig. 1). When we come to trace
a relationship to the two inner chambers, we are at once at a loss for
comparisons. The genus Pterotheca has a shelf-like projection that
may indicate a division of the animal, and we may look to the shelf-
bearing gasteropods, Crepidula, &e.; but, while these may indicate the
origin of the dividing shell between the two chambers of Matthevia, the
latter remains clearly and distinetly a type by itself. ,

There is a curious form described as Tetradium® Wrangeli Schmids
(M.ém' Acad. Imp. Seci., St.-Pétersbourg, vii® sér., t. xxi, No. 11, p. 42;
L iv, figs, 3-8, 1874), which Lindstrom suggests is by the thiek-sheil.ed
Conularia feeunda linked to the Conularize and made to stand in affinity
t_ftfﬂf_lfl_(_s_il. Gasteropoda and Pteropoda of Gotland, p. 4, 1884).

"The gennsg Tetradium being preoccupied (Dana, 1846; Safford, 1856), I propose

Pa:;eniglma in place of Schmidt’s Tetradinm, 1874, for the species under disoussion. P.
ngeli,
223
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From our comparisons Matthevia appears still more to serve as
necting link between Pal®nigma and the genera Conulariy an.q I#ox..
lithes. If P. Wrangeli had chambers running up into the shell 1:"1_),
suggested by the cross-sections, and a septum that causeq the I’Ii‘s is
portion of the shell to be decollated, as we are led to believe by theiln‘ur
ural section shown by fig. 20, vl. xxxiii, and by the fact that etcl « mf.
men has lost its apex, the relations between Pal@enigma and Matthey;
are quite close, and Pal®nigma may be, provisionally at least, groth'a
with the Paleozoic genera Matthevia and Conularia. d

MATTHEVIA VARIABILIS Walcott.
Plate xxxii, figs. 1-12; pl. xxxiii, figs. 1, la~f,

Matihevia variabilis Walcotf, 1885. Amer. Jour. Sci., 3d ser., vol. xxx, p. 18, figs. II-G
of p. 20.

On a side view the outline of the shell varies from broad to narroy
conical, and the end view shows an elongate-conical to a broad-conjey
outline; the cross-section varies from elliptical to oval to rounded quaq.
rangular; aperture varies in outiine with the proportions of the shell;
a sinus, varying in depth and curvature, extends across the ends of the
shell; in the more elliptical apertures the sides are nearly straight and
parallel, while in those with a subquadrangular outline they are strongly
curved, and the sinus at the ends is very profound. A longitudinal
cross-section shows, in the larger number of shells, a section similar to
that represented by fig. 1¢ of plate xxxiii; figs. 1, 10, 1d, exhibit the
variations in section taken at the same place in different shells that vary
in outline. The shell thins out at the edges and is not thick over the
exterior of the interior chambers, but between them a connecting mass

" of shell unites the sides and gives strength and solidity ; a section cross-
ing the center of the shell at right angles to the preceding shows a solid
shell to the outer chamber, where it gradually thins out to the margin.
The positions of the two inner chambers vary in relation to each other,
as may be seen in the figures, from subparallel to widely divergent; the
chamber that is more at right angles to the aperture than the other is
usually larger and is always prominent, while the oblique chamber is
sometimes filled up by shelly matter and only the outer portion remains;
both chambers are usually flattened on the inner side and more or less
expanded where they enter the large outer chamber. The septum cross:
ing the inner chambers is thin and varies in shape with the form of the
chambers; it is usually slightly concave-convex, concave towards the
outer chamber, and marked, usually, by a raised scar of varying char
acter, as is shown in the figures; the septum is usnally a short distance
tfrom the outer chamber, 1mm to 4mm,

The substance of the shell is calcareous, and in thin sections appears
to be vesiculose, as in figs. le, 1f, of plate xxxiii.
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warcor™]
o marked by undulating lines of growth parallel to the margin
surfae tare, a few radiating lines usually on the sides, and several
of the “?ﬁw arr’a.nged in lines that cross each other at right angles on
fine Pfilp lIlS' on others the papillee are arranged in lines parallel to the
somne Sfe ro;vth and without reference to the order of those in the ad-
1,"?&? y ﬁnes; the interior surface is covered with a fretted surface
-1::3;;%& out by depressed, irregular, inosculating lines; this surface
varies in force and character, and some shells are allnost. smooth in-
gide ; & NAITOW, smooth space extends all around the margin of the in-
gide of the aperture. . .

The associated opercnl‘a-vary in form and 911tlmc; the shell is calca-
yeous, CONCavo-convex, rising to-a l)l}mt 1)0}111: more towards one end
than towards the other ; from this point, which is the center of the con-
centric undulations of growth, narrow, radiating undulations extend to
the margin. Surface with concentric and radiating undulations; tine
inosculating lines subparallel to the concentric undulations and fine
papille on the spaces between the inosculating liness intervior surtace
convex, smooth, or showing the undulations of the outer surface; at the
center, corresponding to the apex of the outer surface, a small round
sear appears to be indicated on some specimens.

There are two forms known to me that correspond in a measure to
this: one is that figured by Eichwald (Lethea Ross., pl. xI, fig. 19a—¢)
as Hyolithes paradoxodus, which appears to be the cast of a portion of
the outer chamber and one of the conical inner chambers; it may be,
however, only & superficial resemblance. The sccond was discovered
when examining the type of Metoptoma anomala Billings (Pal. Foss.,
vol. i, p. 89), in the collection of the Geological Survey of Canada, 1
found it to be the cast of the chamber of habitation of some species of
Matthevia. It may be that of AL variabilis, but it is impossible to iden-
tify it from the specimen. 1t was found in a bowlder of limestone at
Point Levis, Canada.

Formation and locality—Upper Cambrian. Limestone resting on
Potsdam sandstone, one mile northwest of Saratoga Springs, New York.

The species is associated with Cryptozoa poriferum Hall (Thirty-sixth
Ann. Rep. N. Y. State Mus. Nat. Hist., deseription of pl. vi, 1884), Pla-
tyceras minutissimum Walcott, Ptychoporia (L.) caleifera Walcott, Dicel-
locephalus Hartti Walcott, and D. speciosus Walcott.

Bull. 30——15 (951)




http://www.geology.19thcenturyscience.org/books/1886-Walcott-CambrianFaunas/README.htm

THIS PAGE BLANK



http://www.geology.19thcenturyscience.org/books/1886-Walcott-CambrianFaunas/README.htm

INDEX.

[ anm'ea in haavy-faeed type indicate the page on which the description is given or important mention

is made.}
A, 5
Agnostus— Continued.
Acrothele, 52, 107, parilis, 55, 151.
common. to Lower ard Middle Cambrian, 62. pisiformis, 55, 150.
Species of, in Cambrian, 60. prolongus, 33.
Bohemica, 107. Richmondensis, 32.
Bohemica=0bolus? Bohemicus, 107. seclusus, 32.

coriacea, 107, 108.
tdichotoma, 107.
granulata, 107, 108, 109.
Matthewi, 107, 108, 109.
subsidua, 35, 40, 46, 99, 107, 108, 109.
subsidua, Explanation of figures of, on plate
ix, 258,
Acrotreta, 52, 98, 100.
commen to Lower, Middle, and Upper Ca.m-
brian, 62. -
Species of, in Cambrian, 60.
attenuata, 98.
gemma, 32, 33, 35, 46, 49, 50, 98,
gemma, Explanation of ﬁguree of, on plate
vlli 254‘.
pyxidirula, 98.
subconica, 98, 99.
?subsidua, 108.
Adirondack region, Potsdam fanna. of the, 23
section correlated, 44.
Adirondacks, Submergence of the, 24
Aplaspis, 54.
in Upper Cambrian, not in Middle or Lower
Cambrian, 62.
Species of, in Cambrian, 61.
Arnostides, 53,
Agnostus, 19, 48, 149, '
common to Lower, Mlﬁdle and Upper Cam.
brian, 62.
sp. %, 26, 47.
Speciea of, in Cambrian, 61.
Acadicus, 55.
bidens, 32, 33, 150.
communis, 32, 33, 150.
integer, 150.
interstrictus, 40, 47, 55, 149, 150.
interstrictus ¢ 32.
interstrictus, Explanation of figures of, on
Plate xvi, 286,
Josepha, 55.
levigatus, 104,
1obatua 151, 163, 156.
Neon., 22, 33,
nohiliu 27,47, 55, 160,
nobills, Copy of original figure of, on plate xvi,
286,
Orion. 17.

tamidosus, 83, 150.
tumifrons, 33.
Agranlos, common to Lower and Upper Cambrian,
62.
Species of, in Cambrian, 61.
Algm, 72.
Distribution of species of, in Miﬂdle Cam-
brian, 45.
Genera and species of, 48.
Genera and species of, in Cambrian, 62.
Genera of, in Cambrian, §9. .
A mphion, 185.
#sp. %, 19,
donbtfully identified in Cambrian, 63.
t Species of, in Cambrian, 61.
fin Upper Cambrian, not in Middle or Lower
Cambrian, 62. :
Angelina, 212,
Hitcheocki, 211.
Sedgwicki, 212,

_Annelid trails in Middle Lambmn, 12.

Annpelida, Distribution of species of, in Middle
Cambrian, 46.
Genera and species of, 48.
Genersa and species of, in Cambrian f.mns, 62.
Genera of, in Cambrian, 59.
Anomocare, 56, 209.
limited o Middle Cambnan 62.
Species of, in Cambrian, 61.
parvum, 32, 48.
% parvam, 107, 209,
¢ parvam, Explanation of figure of, on pla.te
xxv, 322.
Anopolenus, 165, 181,
limited to Lower Cambrian, 62.
Species of, in Cambrian, 61,
Salteri, 165.
Anthromorpha, 80.
Apus cancriformis, 148.
glacialis, 148.
punctatus, 204.
Archmocyathellus, 75, 76, 87, 88.
Rensselaericus, 84, 88.
 Rensselacricus, 85.
Archmooyathine, 51, 80.
Archmooyathns, 36, 72, 75, 83, 87,

common to Lower and Middle Cmq:r’hn, 62.
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Arch@ocyathus— Continned. Bathyutiscus —Continued,
Species of, in Cambrian, 59. producta, Explanat,ion of
sp. undt., ;38. XXX, 342. BELe of h platg
ap. 1, 45. Bathyurus, 213, 219, 221.

Atlanticus, 29, 38, 45, 50, 78, 74, 75, 77, 18, 79, 84.
Atlanticus, Explanation of figures of, on plate
ii, 230; on plate iii, 234.
Billingsi, 29, 45,73, 4.
Billingsi, Explanation of figures of, on plate
iii, 234.
gracilis, 81, 83.
Minganensis, 75, 77, 78, 33
profandus, 78, 79, 83, 84.
Whitneyi, 81, 83.
" Archean, 44.
Arenicolites, common to Lower, Middle, and Up-
per Cambrian, 62.
ap. ¥, 46.
Species of, in Cambrian, 59.
Arethusina, in Upper, but not in Middle or Lower,
Cambrian, 62.
Species of, in Cambrian, 61.
Americana, 33, 35.
Konincki, 176.
Argillaceous slate, Primitive, 13
Asaphide, 56.
Asaphiscas, 219, 221. .
limited to Middle Cambrian, 62.
Species of, in Cambrian, 61.
Wheeler, 40, 48, 56, 57, 109, 201, 219, 220.
‘Wheeleri, Explanation of figures of, on plate
xxv, 322; on plate xxxi, 346. .
Asaphus, 219, 221.
Atops punctatus, 203.
trilineatus, 203, 204.
Avicula ? desquamata, 114.
same as Obolella desquamata, 110,

B.

Barrande, M., 53.
as to genus Fordilla, 53,124, *
Barrandia, 162, 163.
Thompsoni, 167.
Vermontana, 158,
Bathynotus, 20, 55, 191.
limited to Middle Cambrian, 62,
Species of, in Cambrian, 61.
holopyga, 15, 47, 56, 159, 191.
holopyga, Explanation of figures of, on plate
nﬁ. 346,
DBathyurellus, 219.
abruptus, 187.
nitidus, 187.
(Asaphiscus) Wheeleri, 220.
Wathyuoridse, 56.
definition of family, 56.
Bathyuriscus, 215,
limited to Middle Cambrian, 62,
Species of, in Cambrian, 61.
Haydeni, 215, 216.
? Haydeni, 215,
Howelli, 34, 48, 56, 215, 216.
Howelli, Explanation of figures of, on plate
xxX, 842,
pmdum B84, 80, 40, 48, 57, 05, 215, 216, 217,

dou%t.fully identified in Cambrian, g3,
fin er Cambrian, no
Canbolen, 65 tin Tower o aig
ap. §,19. .
# Species of, in Cambrian, 61.
extans, 29, 215, 219.
parvulus, 213, 214,
senectus, 213.
Bellerophon, in Upper Cambrian, n
or Lower Cambrian, 62. P My
Species of, in Cambrian, 60,
antiquatus, 35,
Bennett's Spring, Nev., Section near, 33.
Beyrichona, limited to Lower Cambrian, 62,
Species of, in Cambrian, 60.
Bie Harbor, Conglomerate Yimestones of, 24,
List of species of, 26.
Big Cottonwood Cafion, Great Cambnan section
of, 38.
Big Cottonwood section, 38, 41.
Billings, E., 49, 64, 114.
As to certain species recognized and de.
scribed by, 29.
Middle Cambrian fauna classified as Lower
Potsdam by, 49.
Billingsia, in Upper Cambrian, not in Middle or
Lower Cambrian, 62.

' ., Species of, in Cambrian, 60.

Saratogenasis, 21.

'Bonne Bay, Georgia fauna of, 29.

section, by Sir William Logan, 29.
Bornemann, J. G-, 51, 80.
papers published by, 81.
Brachiopoda, 52, 95.
Distribution of species of, in the Middle Cam-
* brian, 40.
Generza and species of, 48,
Genera and species of, in Cambrian fauna, 62
Genera of, in Cambrian, 60,
Braintree fauna, 44, 49.

C.
Calathium, 79.
Calciferous fauna, 63.
formation, 22.
fossils, 24.
horizon, 21.
Calymene Beckii, 203.
Camarells, 48, 122.
common to Middle and Upper Cambrian, 62
Species of, in Cambrian, 60.
sp. ¥, 26.
$8p. 1, 46.
antiquata, 19, 122,
f antiguata, 46.
(%) antiquata, Explanation of figures o
plate vii, 250.
varians, 122,
Volborthi, 122.
Camarotheca, 131.
Cambrian, Conditions developing Middl
of, pecaliar to North Amerioa, 57

on

o faoDd
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Cambrian-— Continued.

Doubtful genera of, 63.

District of Canalgrande in Sardivia, 80,

fauna, Species of, 32,

faunas, as correlated by Prof, Whitfleld, 13,

faunas of North America, 11,

faunas of North America, Summary of, 59,

{ormation, Total thickness of, 11.

Generaof the Olenid® of American Middle, 55.

Lower and Upper, Genera common to the, 62,

Lower, Genera and species of, 61.

Lower, Genera common to the, 62,

Lower, Genera limited to the, 62,

Lower, Genera of the Upper not ocourring
in the, 62.

Lower, Middle, and Upper, Genera common
to the, 62.

Lower, of Sedgwick, 68. °

Lower, or Paradoxides fauna, 11.

Lower, Period of erosion of, 43,

Lower, St. John series, 44,

Jower, Systematic position of, 63,

Middle, at {icking Horse Lake, British
America, 40. i

Middle, Central horizon of, 44,

Middle, Description of fauna of the, 72,

Middle, designated as Lower Potsdam by
Billings, 49.

Middle, Fauna of, 175.

Middle, Genera and species of the, 61,

Middle, Genera common to the Lower and, 62.

Aiddle, Genera limited to the, 62.

Middle, Gepera of the Upper not ococurring
in the, 62, .

Middle, or Georgia-horizon, Review of the
strata and faunas referred to the, 12,

Middle, Period of erosion of the, 43.

Middle, Species of Kutorgina in the, 101.

Middle, Systematic position of the, 63. -

Middle, Table of distribution of fauna of the,
435,

Middle, Total of the fauna of the, 41.

Middle, = Georgia or Olenellus, 44.

Middle, Trails of annelids in, 72 »

Middle and Upper, Genera common to the, 62,

Reason for using the term, 11.

rocks, North American, Classification of the,
63,

seas, Life of the older, 58.

strata of the Grand Cafion, 41.

system, As to the data for dividing the, 13.

#ystem of Earope, 57.

8ystem of North America, As to the stratig-
raphy of the, 12. .

#ystem of North America, First systematic
arrangement of the, ¢4.

Upper, 32,

Upper, Description of a Pteropod from the, 223,

Upper, Genera of, not oceurring in the Middle
and Lower Cambrian, 62.

glmer. Genera and specles of the, 61
Pper, Mixing of fuuna of, with the Lower
Bilurian (Qrdovictan), 12.

Upper, or Potgdam fauna, 11,

Upper, Passage fauna hetweey the Georgin
aud Potsdam. 82, : -

359

; Cambrign— Continned.

Upper, Species of Kutorgina in the, 101

Upper, Species in the, §2,

Upper. Systematioc position of the, 63,

Upper, Upper limit of the horizon of the,
44.

Upper, = Potedam or Dicellocephalus, 44,

: Castleton slate, 14.
| Catlinite beds probably pre-Cambrian, 30..

Centropleura, 191.
Loveni, 191,
Ceratiocaris, 148.
Ceratopyge forficnla, 207,
Champlain Group, 66, 67. .
Chariocephalus, in Upper, but 1ot in Lower or
Middle, CCambrian, 62.
Species of, in Cambrian, 61.
tumifrons, 32.
Chasy formation, 23.
limestone, 24.
Chondrites, 72.
Chuar formation, 43. .

"Classification Qf North. American Cambrian rocks,

830
Clayton, J. E., 36.
Climacograptus, 98, 94.
¥, Bpccies of, in Cambrian, 58.
(") Emmonsi, 15. 51. '
1 Emmonsi, 46, 98.
#? Emmonsi, Explanation of figure of, on plate
xi, 2660
Climactichnites sp. %, 21.
Species of, in Cambrian, 60.
in Upper Cambrian, not in Lower or Middle
Cambrian, 62. :

Coleolus, 131.

Coleoprion, 131.

Conglomerate limestones of Bic Harbor, St.
Simon, St. Lawrence River, Island of Or-
leans, &e., 24. ’ :

Conglomerates at Point Levis, of Calciferous age,

- 23,
Conocephalidss, 56.
Conocephalites, 219.
Adamsi, 195, 198.
arenosus, 195, 196.
coronatus, 195.
miser, 199, :
. subeoronatus, 188, 205.
Sulzeri, 195.
Teucer, 197.
trilineatus, 203.
(Atops) trilineatus, 203.
Vulcanus, 198.
Conocoryphe, 203.
limited to Lower Cerabrian, 62.
Species of, in Cambrian, 61.
(Conocephalites) Kingi, 193.
(Ptychoparia) Kingi, 193,
Conophrys, 153, 167.
Conularia, 181, 228.
fecunda, 228.

Connlaridem, 131

Correlation of sections, 40,

Corynexochus, 187,

spinulosys, 214,
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Coscinocyathus, 80.
Crania (Eutorgina) Labradorica, 40.
Crepicephalus, 30, 50, 208, )
common to Middle and Upper Cambrian, 62.
Species of, in Cambrian, 61.
Augusta, Explanation of figures of, on plate
' xxviii, 334,
Augusta, n. sp., 35, 48, 208.
Towensis, 208.
Liliana, 35, 48, 207.
Liliana, Explanation of figures of, on plate
xxviii, 834.
% (Loganelius) quadrans, 199.
Crinoidea, Distribution of species of, 46,
Genera and species of, 48,
Genera and species of, in Cambrian, 62.
Genera of, in Cambrian, 59.
Crustacea, b4, 146.
Distribution of species of, in the Middle Cam-
brian, 47, :
Genera and species of, 48, .
Genera and species of, in Cambrian, 62.
Genera of, in Cambrian, 60. .
Cruoziana, 72. :
common to Middle and Upper Cambrian, 62.
Species of, in Cambrian, 59. :
sp. (?), 84, 39, 45.
Cryptozoa proliferum, 21, 225,
Ctenocephalus, limited to Lower Cambrian, 62.
Species of, in Cambrian, 61. )
Cypbaspis Burmeister, 184,

D.
Dalmania, 186.
Dana, J. D., considers Emmons’s Taconic as Lower
Silurian, 70.

Dawson, George M., 40.
Dawson, J. W.,79.
Dendrograptus, 50.
common to Lower and Upper Cambrian, 62.
Species of, in Cambrian, 59.
Dicellocephalus, 30, 181, 185,
in Upper, but not in Middle or Lower, Cam-
brian, 62.
Species of, in Cambrian, 61.
sp. ?, 35.
Minnesotensis, type of, 35.
angustifrons, 33.
bilobus, 33.
Hartti, 21, 225.
Lodensis, 21.
Marcoui, 186.
Marica, 33.
?nasutus, 32, 33. -
Osceola, 33.
Pepinensis, 21, 35. -
¥ quadriceps, 187.
Richmondensis, 32.
speciosas, 21, 225,
Dicellomus, 109.
Dikellocephalus gothicus, 188, 190, 222.
? gothicns, 189,
magnificas, 185.
quadriceps, 187, 222.
‘Wahsatchensis, 180, 100,
1Corax, 185,

qose

Diplograptus, 92,
Species of, in Cambrian, 59,
secalinus, 92, 93,
(;; sﬁpiex, 15, 48, 51, 92, 03,
(1) simplex, Explanat;
xi, 266, o o fgure of, on g
Diplotheca, 131. .
limited to Lower Cambrian, 63,
Species of, in Cambrian, 80,
Discina, doubtfully identified in the Cambria
in Upper, but not in M: 1, 63,
brian, 62. 1dle or Lower, Cun,
Species of, in Cambrian, 60,
Acadica, 128,
Discinella, 141, 142. .
Dorypyze, 221.
Richthofeni, 222.
Dwight, W. B., describes belt of
Poughkeepsie, 23,

) E.
Echinodermata, 51, 94. !
Echinognathus Clevelandi, 54,

Ellipsocephalus, 162,
Elliptocephala, 162.
asaphoides, 168.
Elliptocephalus, 162.
asaphoides, 168. :
Ely Mountains, Olenoides fauna in the,
Emmons, E., 72, 94.
correct in classifying Upper Taconic as pre-
Potsdam, 65.
Extracts from works of, 66, 67, 68, 69, 70,
Endogramma, 206.
Eocoryne, limited to Lower Cambrian, 62,
Species of, in Cambrian, 59.
Eoocystites, 94, :
? common to Lower, Middle, and Upper Cam:
brian, 62. .
Genus of, in Cambrian, 59.
?ap.1, 46,
%1 longidactylus, 34, 35, 46, 51, 94, 95.
1% longidactylus, Explanation of figures of, on
. platev, 2423 on plate vi, 246,
Eopteria, Richardsonui, 53.
{ ornata, 53.
typica, 53.
Eospongia, 79.
Eozobn, 79.
Ethmophyllum, 51, 73, 75, 80, 82..
Explanation of figure of, on plate iv, 238
limited to Middle Cambrian, 62.
Species of, in Cambrian, 59.
Billingsi, 80.
gracile, 36, 81, 83, 84, 85.
Minganensis, 51, 75, 77.
profundum, 29, 38, 45, 50, 73, 74, 75, 17, 84. i
profundum, Explanation of figures of, 01;;’
226; on plate ii, 2303 on plateiv, 255
rarum, 27, 45, 87,
rarum, Explanation of figures of, on plate s
242, —
Rensselaericam, 27, 76, 83, 8.
Rensselaericum, Explanation of Agures nf' @
plate v, 242,
Whitneyi, 36, 38, 45, 75, 76, $1,83, &, 3%

limealom near



—Continuned.
&?&ﬁlﬁ?p}xphmﬁon of figures of, on plate
© v, 288,
gchasms Blumenbachi, 53. dloor

Euomphalus, in Uppor, but not in Middle or Lower,
" Cambrian, 62.
gpecies of, in Cambrian, 60.
reka Uambrian section, 35,
comlﬂied. 41, 44,

tidae, 80.
::zpe, Cambrian system of, 5¥.
Farypterida, 54.
F.

Fauna, Braintree, 49.

Description of the Middle Cambrian, 72.

Genera of Olenid® of American Middle Cam-
brian, 53.

Georgia, 20, 29.

Middle Cambrian, 175.

Middle Cambrian, Table of distribution of
the, 45.

Newfoundland Paradoxides, 49.°

of Georgia shales, 20.

of Olenellus horizon, east of Swanton, 19.

Paleontologic characters of, 50.

Potsdam, 23,

Potedam, of the Adirondack region, 23.

Saratoga Potsdam, compared with Wisconsin
Potsdam sandstone fanna, 21.

Second, 63.

St. John, 49,

Stratigraphic position of the Middle Cam-
Drian, 49.

Summary of the Middle Cambrian, 48,

Wisconsin Potsdam sandstone, compared with
{he Saratoga Potsdam fauna, 21.

Faunas, Cambrian, of North America, 11.
of:’lgorth America, Summary of the Cambrian,
Review of the strata and, reforred to the Mid-

dle Cambrian or Georgia horizon, 12.

Ford, 8. W., 64,115,128. - ~ :

ion described by, 27.

Fordilla, 123, _

limited to Middle Cambrian, 62.

Species of, in Cambrian, 60,

Troyensis, 27, 46, 53, 124, 125.

Troyensis, Explanation of figures of, on plate
xi, 266,

Fomti!m, Calciferoas, 22.
Absence of Chazy, 23.
Georgia, 13,

i:ﬁligal remaing of Middle Cambrian, 72.

14es secalinusg, 92, 93,
Blmplex, 92,
Fusuling, 29,

. G.
asteropoda, 53, 195,

i,“;‘"““"n of species of, in the Middle Cam-

Genera ang specios, 48.

Genera anq species of, in Cambrian, 6€.
tnera of, ip Cambrian, 60,
o fauna, 20,29,
Bonne Bay, Newfoundland, 29.
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Georgia Fauna — Continued.
of the Cambrian, 44.

Georgia formation, 11, 13,
88 developed in the town of Georgia, Vt., 14.
Placed below the Potsdam sandstone, 14.
thickness of, in Vermont, 20;

Georgia group, Beason for using the term, 14,
Georgia horizon, in Cambrian section of Eureka
mining district of Central Nevada, 30.

relation to Potsdam horizon, 33.
Review of the strata and fannasreferred to the
Middle Cambrian or, 12,
Georgia section, 19, 24, 43.
at Parker’s quarry, 13, 17,
corrclated, 44,
figure of, 14,
Georgia series, Stratigraphic rolations to Potsdam
series of, 20.
Greorgia shales, 15, 18, 23.
Faung of, 20.
Georgia slate, Lithological characters of the, 14.
Views of different writers as to the age of -
the, 14, : -
Gilbert, G. K., 36, 41.
Grand Cafion Cambrian strata, 41, 57.
Grand Cafion section, 43.
Correlation of the, 44,
Foassils of the, 43.
Grand Cafon series probably of pre.Cambrian
age, 64,
Graptolites, 91,
in the Saint John Group, 51.
Taconic, 92,
Graptolithus, 92.

H

Hamburg limestone and shale, 30.
Harttia, genus limited to Lower Cambrian, 62.
Species of, in Cambrian, 60.
Hemiceras, 131, 223.
cylindricus, 228. .
Hexactinellid®, 51.
Highgate section, 19, 24.
section of, Hitchcock, 20.
Section near, described by Dr. Emmons, 70.
Springs, Section taken east of, 18.
Highland Range section, 41.
Higher strata of the, 36.
Hiko, Nevada, 36. :
Hipponicharion, limited to Lower Cambrian, 62,
Species of, in Cambrian, 60. ;
Hitcheock, C. H., Sections by, across New Hamp-
shire and Vermont, 20. ¥ g
Holopea, in Upper Cambrian, not in Middle or
Lower Cambrian, 62. B
Species of, in Cambrian, 60.
Homalonotus, 191.
Hunt, T. Sterry, as to the Cambrian system, 13.
Views of, as tn the term Taconic, 70.
Hyatt, Alpheus, 50, 138,
Hydrozoa, 51, 91. :
Distribution of species of, in the Middle Cam-
brian, 46.
Genera and specics of, 48. - i
Genera and spocies of, in Cambrian, 62,
Geneora of, in Cambrian, §9.
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Hymenooaris, 147.
vermicauda, 54, 147,
Hyolithellidss, 131. ;
Hyolithellus, 131, 141, 142,
limited to the Middle Cambrian, 62.
1, 15.
Species of, in Cambrian, 60,
mieans, 15, 26, 27, 47, 139, 142,
micans ?, 28.
Hyolithes, 131, 138, 142, 143, 223. ¥
common to Lower, Middle, and Upper Cam-
brian, 62.
Distribution of the genus, 132,
Species of, in Cambrian, 60.
. 8p. 3, (35). ' *
&p. 1,18, 27.
8p. undt., 47, 141,
sp. undt., Fignre of, on plate xiii, 274,
 (Diplotheca) Acadica, 132.
(Diplotheca) Acadica var. crassa, 132,
(Diplotheca) Acadica var. obtusa, 132.
{Diplotheca) Acadica var. sericea, 132.
aclis, 132,
(Theca) aculeatuns, 132.
Americanus, 26, 27, 47, 131, 132, 183, 184, 135,
187, 139, 141.
Americanus, Billings’s description of, 133.
Americanus, Explanation of figures of, on
plate xiii, 274, i :
Billingsi, 29, 34, 85, 39, 47, 54, 132, 134,
Billingsi, Explanation of figures of, on plate
xiii, 274.
carbonaria, 132,
centennialis, 132. !
cinctus, 141. ’
communis, 26, 27, 47, 54, 131, 132, 136, 138, 139,
140, 141. :
communis var. Emmonsi, 27, 47, 182, 137, 139.
communis, Explanation of figures of, on plate
xi?, 218, . .
communis var. Emmonsi, Xxplanation of fig-
ures of, on plate xiv, 278,
‘(Camarotheca) Daniana, 132,
elegans, 135,
Emmonsi, 131, 136, 137, 188, 139, 141.
excellens, 181, 182, 135.
gibbosus, 131, 132,
(Oa!:nmt.heca) gracilis, 132.
(gregaria), 182.
gregarius, 131.
(Diplotheca) Hyattians, 132.
‘(Diplotheca) Hyattiana var. caudata, 132.
im;;;r, 27, 47, 54, 131, 182, 136, 188, 139, 141,
img];;r, Explanation of figures of, on plate xiv,
.
ligea, 132.
micans, 141,
miéans, -Explanation of figures of, ‘on plate
xiv, 278,,
(Camarothecs) Micmao, 132.
obtusa, 134,
paradoxus, 225.
parviusculus, 182.
Pprimordialis, 32, 83,131, 1 82, 188, 134, 141.
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Hyolithes— Continued. :
princeps, 26, 38, 47, 54, 84, 131,
princeps, Explanation of i 2, s,

xiii, 274,
principalis, 132.
Shaleri, 132.
singalus, 132.
striatus, 132,
teres, 139,
triliratus, 132.
Vanuxemi, 132.

gures of, on Dh&g

L

Ilinseurus, in Upper, but not in ¢
Cambrian, 62. e e Lower,
8p. 1, 35,
Species of, in Cambrian, '61.
Iphidesa, 52, 100.
limited to Middle Cambrian, 62.
Species of, in Cambrian, 60.
lt;:]ﬁa. %ﬁ, 2?, 46, 49, 100, 101, 126.
a, Explanation of figures o
pocy . gu f, on plate vii,
depressa, 32.
Labradorica, 106.
ornatella, 101.

K.

Keweenaw formation, 57.
probably of pre-Cambrian age, 64.
Kinderhook Creek section, 28,
Kutorgins, 101,
common to Lower, Middle, and Upper Cam-
brian, 62. .
Bpecies of, in Cambrian, 60.
cingulata, 15, 18, 19, 20, 26, 29, 88, 46, 52, 101,
102, 104, 106, 135, '
cingulata, Explanation of figures of, on plate
ix, 258. :
cingulata var. pusilla, 102.
Labradorica, 15, 18, 19, 20, 29, 46, 101, 102, 104,
106,
Labradorica, Explanation of figures of, on
(like K. cingulata), 38.
minutissima, 32, 33.
pannula, 34, 35, 89, 46, 99, 101, 102, 103, 106, 216.
pannula, Explanation of figures of, on plate
vii, 250 on plate viii, 254.
Prospectensis, 32, 46, 101, 104, 106,
Prospectensis, Explanation of figures of, on
plate ix, 258,
sculptilis, 101, 102, 106,
Whitfieldi, 32, 101, 102.

L.

Lamellibranchiata, 53, 123.

Distribution of species of, in
brian, 46.

Geners and specigs of, 48.
Genera and spegies of, in Cambrian, §2:
One genus of, in Cambrian, §0-

L’Ange au Loup, 32, 38, 74.
segtion 29,
Specigs from, 39.

Fentile, 17, 1§.

Middle Cam
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6. | Maclurea— Continued.
Mﬁ:;:': to Middle and Upper Cambrian, 62. Species of, in Cambrian, 60.

Argenta, 89, 47, b4, ) ‘magna, 22.
Argents, Explanation of figure of, on plate | Marcou, Jules, 72.

viil, 254 Lentile of, 17,
1 Argonta, b. sp. 146, Strata referred to Potsdam by, 18.
Solvensis, 146. Matthevia, 131, 223.

Troyensis, 27, 47, 54, 146,
Troyensis, Enlarged figure of type specimen
of, on plate xvi, 286.
Lepidilla, limited to Lovater Cambrian, 62.
Species of, in Cambrian, 60. .
Lepiditta, limited to Lov_ver Cambrian, 62.
Species of, in Cambrian, 60:
Leptana, Species of, in Cambrian, 60. .
1in Upper, but not in Middle or Lower, Cam.
brian, 62. ’ .
Leptomitus, n. gen., 89.
limited to Middle Cambrian, 62.
Species of, in Cambrian, 59.
Zitteli, 43, 51, 89,
Zitteli, Explanation of figures of, on plate ii,
230,
Limestone near Poughkeepsie, N, Y., 23.
Lingu-lai 971 104.
in Upper, but not in Middle or Lower, Cam-
brian, 62. :
ap. 1,19. .
Species of, in Cambrian, 60.
calumet, 30.
Feistmanteli, 104,
manticula, 32.
¥ manticula, 32, 33.
Lingulella, 19, 95, 111. ; .
common to Lower, Middle, and Upper Cam-
brian, 62.
Species of, in Cambrian, 60,
celata, 26, 27, 28, 46, 95. ‘
cmél;;a, Explanation of figures of, on plate vii,
Davisii, 06. .
Ella, 34, 85, 39, 40, 46, 52, 97.
Ella, Explanation of figures of, on plate vii,
2503 on plate viii, 254,
Lingulepis, in Upper, but not in Middle or Lower
Cambrian, 62.
Bpecies of, in Cambrian, 60.
acuminata, 21.
Meera, 32, 33,
minima, 21,
minuta, 32, 33,
Pinnaformis, 21.
Lingulige, 52,
tnnarssonia, 107, 111.
limited to Lower Cambrian, 62.
msp&eies of, in Cambrian, 60. .
0 series, probably of pre-Ca i .
Logan, i William, 8{; ; pre-Cambrian age, 64
Section at Trois Pistoles described by, 26.
gﬁon taken by, east of Swanton, Vermont,

Lower ilurian (Ordovician), 44,

M.

M!u:‘m_ in Upper, but not in Middle or Lower,
%H;bmq' 03 '

variabilis, 21, 223, 224.
variabilis, Explanation of figures of, on plate
xxxii, 350 ; on plate xxxiii, 354,
Matthevida, 131.
Matthew, G. F., 53.
Meek, F. B., 36.
Mesonacis, 20, 55,158,
limited to Middle Cambrian, 62.
Relation of, to Paradoxides and Olenellus, 165,
Species of, in Cambrian, 61.
Vermontana, 13, 47, 93, 158,161, 162, 169, 173, 178.
Vermontana, Explanation of figures of, on
plate xxiv, 318.
Metoptoma, in Upper, but not in Middle or Lower,
Cambrian, 62.
Species of, in Cambrian, 60
anomala, 224.
cornutiforme, 21.
? rugosa, 128.
simplex, 21.
variabilis, 225.
Microdiscus, 53, 152, 154, 157, )
? common to Lower, Middle, and Upper Cam-
brian, 62.
Species of, in Cambrian, 61.
Dawsoni, 55, 153, 154, 155.
lobatus, 26, 27, 47, 153, 154, 155, 156, 157.
lobatus, Explanation of figures of, on plate
xvi, 286, |
(Agnostus) lobatus, 156.
Meeki, 27, 47, 153, 154, 155.
Meeki, Explanation of figures of, on plate xvi,
286.
Parkeri, 15,47, 153, 154, 157,
Parkeri, Explanation of figures of, on plate
xvi, 286. .
pulckellus, 153, 154, 155.
pulchellus (=M. punctatus), 55.
punctatus, 55, 152, 153, 154, 155,
quadricostatus, 152. ;
sculptus, 153, 154, 157, 158.
speciosus, 26, 27, 28, 47, 153, 154, 155, 157.
speciosus, Explanation of figures of, on plate
xvi, 280, ’
Micropyge, 206.
Modiolopsis, 123.
Murray, Alexander, 49.

N.

Nevada, 30.
Newfoundland, 24,44,
Nothozoe, in Upper, but not in Middle or
Cambrian, 62.
Species of, in Cambrian, 60.

0.
Obolella, 30,107, 109, 110,

(1) &p., 15.
common to Middlo aud Upper

Lower,

Combrign, 03,
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Obolella- -Continued.
(like O. pretiosa), 32.
Species of, in Cambrian, 60.
# ambigna, 14.
ceelata, 151
celata=0rbicula celata, 111.
(Orbicula) celata, 95.
chromatica, 29, 46, 96, 101, 109, 111, 112, 114, 116.
chromatica, Explanation of figures of, on plate
xi, 260.
chromatica, Figures of, 110.
cingulata, 102.
(Kutorgina) cingulata, 102,
Civce, 26, 46,111,118,
Circe, Explanation of figures of, on plate x,
262, !
crassa, 26, 27, 46, 97, 113, 114, 115, 116, 118,
" crassa, Explanation of figures of, on plate x,
262. )
crassa=0Orbicula ? crassa, 111.
(Orbicula?) crassa, 114.
desiderata, 111.
desquamata, 111, 114, 118, 151,
desquamata=Avicula ? desquamata, 110.
discoides, 83, 111.
gemma, 26, 27, 46, 111, 113, 116, 118.
gemma, Explanation of figures of, on plate x,
262.
Ida, 111,
¥ Ida, 111
manticala, 52.
miser, 111.
- Nana, 111.
nitida, 27, 46, 118.
nitida, Explanation of figures of, on plate xi,
266,
49 Phillipsi, 102.
polita, 111,
pretiosa, 111.
prima, 21,
transversa, 111.
Obolida, 52.
Obolus Apollinis, 110.
Obolus Labradoricus, 100, 104, 105,
Ogygia, doubtfully identified in the Cambrian, 63.
% in Upper Cambrian, not in Middle or Lower
Cambrian, 62, .
1 Species of, in Cambrian, 61.
parabola, 217, 218,
1 problematica, 32.
products, 217.
{ spinosa, 184,
typicalis, 184.
Oldhamia, 72.
Olenellus, 20, 30, 55, 160, 162, 166, 181.
limited to Middle Cambrian, 62.
Relations of, to Paradoxides and Mesonacis,
165. -
Relations of, to other genera, 164.
sp. ¥, 29. ]
Species of, in Cambrian, 61.
asaphoides, 27, 47, 151, 164, 165, 168, 169, 177.
asaphoides, Explanation of figures of, on plate
xvif, 2003 on plate xx,302; on plate xxv,

322.
{Elliptocephalus) asaphoides, 162.

Olenellus — Continued.
Gilberti, 32, 34, 85, 36, 38, 39, 40,
:g'«; igg 127, 134, 135, fs‘n.s;e?, :;}.,5;55:‘ ,’:s' 106,
, 178, 174, 175, 176, 177, 178, 179 10
208.210,217, IO 180, 167, 15y
Gilberti, Explanation of figqr
xviii, 2945 on plate xix, gggs:s;:,f’p‘;: tzlm
302; on plate xxi, 306, X,
Gilberti, Observations on, 173,
Gilberti (=0. Howelli), 164.
Howelli, 107, 164, 170, 171, 173.
iggingail 32, 34}, 35, 86, 47,107, 170, 174,178, 93¢
ingsi, Explanation of fi !
xix, 205, ;DA on- piaks
Thompseni, 15, 18, 19, 26, 29, 32, 3, 47,89,03, 95
104,105, 113, 121, 141, 158, 159, 161, 163, 165, 165,
167, 168, 169, 171, 173, 175, 176, 178, 179,
Thompsoni, Explanation of figures of, on plate
sxlvii, 290; on plate xxii, 3103 on plate xxii,
4, ;
typicalis, 56, 95.
Vermontana, 158, 159, 176.
(=Mesonacis) Vermontana, 167.
Ollenellus horizon=Georgia or Middle Cambrian,
44,
east of Swanton, 19.
Fauna of, east of Swanton, 19,
Relation of, to Potsdam horizon, 33,
Separation of the, 83.
Olenida, Grenera of, in Middle Cambrian, 55,
Olenoides, 80, 55, 180,
fauna in Ely Mountains, 35.
Genus proposed, 183.
limited to Middle Cambrian, 62.
Species of, in Cambrian, 61.
expansus, 222,
flagricaudus, 47, 181, 222,
flagricandus, 185.
$flagricandus, Explanation of figure of, on
plate xxv, 322,
levis, 26, 35, 47, 187, 222. :
levis, Explanation of figures of, on plate xxv,
322,
Marcoui, 15, 26, 47, 56, 95, 186, 189, 190, 222.
Marcouni, Explanation of figures of, on plate
xxvi, 326,
Nevadensis, 40, 47, 181, 222, '
Nevadensis, Explanation of figare of, on plate
xxv, 322,
quadriceps, 32,47, 187, 188, 189, 190, 205, 222.
quadriceps, Explanatior: of figutes of, on plate
xxix, 338.
spinosus, 32, 47, 181, 184, 187, 222.
spinosus, Explanation of figures of, on plate
xxv, 822,
- typicalis, 34, 47, 180, 181, 188, 187, 216, 221, 2:2.
typicalis, n. sp., Explanation of figures of, on
plate xxv, 322,
‘Wahsatchensis, 47, 188, 189, 200, 206, 222.
Wahsatchensis, Explanation of figures of, 08
plate xxix, 338,
Olenus, 162, 164, 145. i
? in Upper, but not in Midale or Lower, Cam
brian, 62, '
Species of, in Cambrian, 61,
asaphoides, 163.
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d.
enua—Continue
(Olenellna) Gilbertd, 170.
(Olenellus) Howelli, 171.
Neraﬂunsis. 183.
Thompsoni, 167.
Vermontana, 158.
Ophilta, in Upper, but not in Middle or Lower,
Cambrian. 62.
Species of, in Cambrian, 60.
compacta, 22.
Oquirrh Range, Cambrian section of, 39.
Orbicula celata, 95.
Orbicula ¥ crassa, 114.
same as Obolella crassa, 111.
Ordovician, 44,

Orthis, 48, 119.
genus common to Lower, Middle, and Upper

Cambrian, 62.
n. 8p., 26.
¥sp-, 20.
sp. 1,27,
Species of, in Cambrmn 60.
Eurekensis, 32.
Higblandensis, 35, 46
{ Highlandensis, n. sp., 119,
f Highlandensis, Explanation of figures on
plate viii, 254,
Orientalis, 15.
Orthisina, 48, 120.
common to Middle and Upper Cambrlan 62.
sp. (1), 15, 18, 26, 46, 99.
sp. undt., 122,
Species of, in Cambrian, 60.
festinata, 15, 18, 19, 46, 52, 120,
festinata, Explanation of figures of, on plate
vii, 250.
Orientalis, 19, 46, 49, 120.
« ¥Orientalis, 119.
Orientalis, Explanation of fizure of, on plate
vii, 250,
Pepina, 49, 119, 120.
transversa, 15.
transversa, Explanation of figures of, on plate
vii, 250,
ttransversa, 46, 121.
Orthoceratites, 138.
Oryetoeephalus, 5.
limited to Middle Cambrian, 62.
Species of, in Cambrian, 61.
primus, 48, 210,

Primus, Explanation of fizures of, on plate
xxix, 338.

P.

Pagura, 191,
Pﬂ:‘mna"at Range, Silurian of, 36.
#l®acmea, in Upper, but not in Middle or Lower,
Cambl rian, ¢2.
Specien of, in Cambrian, 60.
typica, 21.
alechorda, inUpper, but not in Middle or Lower,
Cambrian 62.
Bpecies of, in Cambri ian, 59.
4lenigma, 13,
Proposed in placo of Tetradium, 223,
Wiangels, 224,

Pa)
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Pal®nigma—Continued.
‘Wrangeli, Explanation of figures of, on plate
xxxiii, 354, .
Palevpbycus, 72.
common to Middle and Upper Cambrian. 62.
Species of, in Cambrian, 59.
congregatus, 15, 45, 72.
incipiens, 15, 27, 29, 45, 72.
Paiabolina, 183.
Nevadensis, 183,
Paradoxides, 44, 160, 162, 164, 165, 166, 18}, 182, 183.
fauna, 11, 49, 58,
fauna of St. John, Braintree, and Newfound-
land, Stratigraphic relations of, 49.
limited to Lower Cambrian, 62.
Relations of, to Mesonacm and Olenellus, *
165.
Species of, in Cambnan 61.
asaphoides, 168.
Barberi, 29.
‘expectans, 162.
Forchammeri, 104.
Kjerulf,, 161, 162, 166, 178.
Kjernlfi, Explanation of figure of, on.plate
xx, 302,
Lyelli, 162.
macrocephalus, 167, 168.
¥ Nevadensis, 180, 181.
Oeclandicus, 162.
quadrispinosus, 191.
# quadrispinosas, 191.
(Pagura) quadrispinosus, 191
rugulosus, 161, 162, 166, 183,
rugulosus, Explan&tmn of figure of on plate
xxiv, 318,
Sacheri, 161.
spinosus, 161.
Thompsoni, 167, 191.
Vermontana, 158, 191.
Paradoxides borizon, Genera of American, 50.
Parker’s farm, 17.
Parker’s quarry, Fossils in shales of, 15.
Georgia section at, 15-17.
Peltocaris, 148, ’
Peltura, 187.
{Olenus) holopyga, 191.
Pemphigaspis, in Upper, but not in Middle or
Lower, Cambrian, 62.
Species of, in Cambrian, 61.
bullata, 55, 153, 154.
Phacops, 191.
Phillipsburg formation, 22.
Phragmotheca, 131.
Pioche, Nev., Species from, 85.
Thickness of quartzite at, 36.
Plantz, 48, 50,
Platyceras; 130,
common to Middle and Upper Cambrian, 62.
Species of, in Cambrian, 60,
Hoyti, 21.
minutissimum, 21, 131, 225.
primmxvumn, 26, 27, 46, 58, 130, 131.
primmvum, Explanation of ﬁgnms of, on
plate xii, 270,
Plourotomarin, doubtfully id(,utiﬁed in Cambrian,
[I58
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Pleurotomaria— Continued.
1, in Upper, but not in Middle or Lower Cam-
brian, 62.
Species of, in Cambrian, 60.
sp. undt. (3), 85
Pecilopoda, 54, 149.
Distribution of species of, in Middle Cam-
brian, 47, 48. ; ’
Genera and species of, 48.
Genera and species of, in Cambrian, 62.
; Genera of, in Cambrian, 61.
- Point Levis, 26, .
" conglomerates of Calciferous age, 23.
strata, Age of, 24.
Potsdam epoch, 13.
‘Potsdam fauna, 11, 23.
of the Adirondaclk region, 23.
Correlation with New York of, 33.
of the Cambrian, 44.
Saratoga, Compared with Wisconsin Potada.m
sandstone fauna, 21.
Upper, Species in, 35.
Potsdam formation, near the Adirondacks, repre-
. sented as a sandstone, 24.
not observed in Northern Vermont as it exists
in New York, 23.
Potsdam fossils, 24.
Potsdam horizon, 23.
Relation of, to Georgia or Olenellus, 33.
Upper limit of the, 44,
Potsdam limestone, 23.
Potadam Lower, Fauna of (Georgia shales referred
to the, 20.
usme given by Billings to Middle Cambrian, 49.
Potsdam or Dicellocephalus Upper Cambrian, 44,
- Potsdam sandstone, 20, 23.
Primordial Zone of Life perhaps equivalent to
the, 14.
Potsdam series, Stratigraphic relations to Georgla
series, 20.
Pre-Cambrian, 44.
Catlinite beds probably belong to the, 20.
strata of the Grand Cafion, 41.
Primitiat, Species of,.in Cambrian, 60.
Primordial fauna of Barrande, 65.
or Cambrian Period, 12, 13.
Preetus decorus, 176.
venustus, 176.
Prospect Mountain limestone, 32.
Prospect Mountain quartzite, 30.
Yrospect Mountain shale, 30,
Protichnites, in Upper, but not in M:ddle or
Lower, Cambrian, 62,
Species of, in Cambrian, 61.
Protocaris, 1
-limited to Middle Cambrian, 62.
Species of, in Cambrian, 61.
Marshi, 47, 54, 89, 93, 147, 148.
Marshi, Explanation of figures of, on plate
xv, 282,
Protocyathus, 75, 76.
Tarus, 87.
Protocystites Menovensis, 95.
11 lougidactylus, 95.
Protograptus, limited to Lower Cambrian, 62.
Bpeeies of, in Camprian, 59,
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! Protospongn 090,
common to Lower, Middle, ang
brian, 62.
Species of, in Cambrian, 59,
fenestrata, 32, 45, 49, 50, 51, 90,
tfenestratal. Explanation of f
plate vi, 246.
Protypus, 56.
limited to Middle Cambrian, 62,
n. gen., 211,
Specics of, in Cambrian, 61.
expansus, 32.
Hitcheocki, 15, 48, 211, 213,
Hitcheocki, Explu.u:ot.mn of figu
xxxi, 346, " o!‘ o plate
parvulus, 213, 214.
senectus, 15, 19, 26, 20, 82, 40, 48, 03, 213,
senectus, Explanation of ﬁguma of, on plate
xxxi, 346.
senectus var. parvulus, 15, 26, 29, 48, 49, 19,
Pteropod, Description of a, from the Upper Cam.
brian, 223.
Pteropoda, b4, 151, 223, 7
.Distribution of species of, in Middle Cam-
Lrian, 47.
* Genera and species of, 48,
Genera and species of, in Cambrian, 62,
Genera of, in Cambrian, 60.
Pterotheca, 131.
Pterothecidee, 131.
Ptychaspis, in Upper, bat not in Middle orLower,
Cambrian, 62.
Species of, in Cambrian, 61.
minutea, 83.
Ptychoparia, 19, 35, 48, 193.
and subgenera, common to Lower and Middle
Cambrian, 62.
and subgenera, Species of, in Cambrian, 61.
common to Lower, Middle, and Upper Cam
brian, 62.
sp. 7 32, 35, 48, 202.
sp.undt., 26.
Adamsi, 15, 17, 18, 19, 20, 26, 47, 49, 141, 195,
199, 200.
Adamsi, Explanation of figures of, on plate
xxvi, 326,
affinis, 83.
bella, 32.
Billingsi, 198.
breviceps, 33.
calcifera, 21.
(=Conocephalites), 193.
. (= Conocephalus), 193.
dissimilis, 32.
(Enloma ?) dissimilis, 35.
Emmrichi, 202.
granulosa, 33.
Haguei, 32, 33.
Housensis, 40, 47,-201.
Housensis, Explanation of figures of, on plato
xxv, 322,
(Crepicephalus) Iowensis, 206, 207.
Kingi, 40, 47, 109, 193, 200, 201.

Upper Cam.

Bures of, g

| xxvii, 380,
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opartaﬂcontinued.

Jaticeps, 82,

Linnarssoni, 32,

¢ Linnarssoni, 205.

(Lonchocephalun) caleifera, 225.

minor, 34, 85.

minuta. 2L

miser, 29, 47, 199,

miser, Explanation of figures of, on plate
<xxvii, $30.

occidentalis, 32.

Oweni, 32, 83.

QOweni (of Hall), 21.

uta, 32.

Piochensis, 34, 47, 56, 95, 201, 216.

Piochensis, Explanation of figures of, on plate
xxvi, 326 on plate xxviii, 334,

Prospectensis, 32, 205.

§ Prospectensis, 47, 202.

4 Prospectensis, Explanation of figures of, on
plate xxvii, 330.

-quadrans, 39, 47, 199,

.quadrans, Explanation of figures of, on plate
xxix, 3388,

((Agraulos) Saratogensis, 21.

i((Agraulos) strenuus, 26, 47.

:genectus, 214.

.similis, 82.

simulata, 83.

subcoronata, 47, 205, 206.

subeoronata, Explanation of figure of, on plate
xxviii, 384.

Teucer, 18, 26, 197, 199.

Teucer, Explanation of fignre of, on plate
xxvi, 326, "

trilineata, 26, 27, 48, 203.

trilineata, Explanation of figures of, on plate

xxvii, 330.
unisuleata, 82, 33.
Vulcanus, 15, 26, 48, 1 \ s
Vulcanus, Explanation of figures of, on pla
xxvi, 326. . :

‘Wisconsensis, 21.
Pugiunculas, 131.
R.
Rensselacr County, Sections in, describod by Em-
mons, 70,
Rhynchonellids, 53.
Rhysospongia, 79,

.

St. John fauna, 49,
5t John f}foup, Graptolites in, 51.
. Hyolithes from, have distinct septa, 138.
i?t.. Lawrence Valley, 24,
Bt. Su:non. Conglomerate limestones of, 24.
List of species from, 26,
Balbe.rel.la, 131, 186, 137, 143,
limited to Middle Cambrian, 62.
8p., 29,
Bpecies of, in Cambrian, 60.
ubtusa, 134, 144,
DPulchella, 26, 29, 47, 134, 144, 145.
bulchella, ¥xplanation of fi guros of, on plate

xi, 270 on plate xiii, 274,
Pulchella (1), 15, 18, 10,

Yugosa, 29, 47, 144, 14,
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Salterella— Continued.
rugosa, Explanation of fgure of, on plate xii,
214.
Salterellidz, 131.
Saratoga Potsdam fauna, compared with the Wis-
consin Potsdam sandstone fauna, 21.

| Baratoga Springs, Section west of, 22.

Sardinia, 57.
Cambrian district of Canalgrande in, 80.
Scenella, 125, :
limited to Middle Cambrian, 62.
Species of, in Cambrian, 60.
conula, 32, 46, 125.
conula, Explanation of figures of, on plate
viii, 254, .
fconula, 127, .
reticulata, 29, 46, 49, 125, 126, 127.
reticulata, Explanation of figures of, on plate
xii, 270.
retusa, 26, 27, 46, 125, 126.
retusa, Explanation of figures of, on plate xii,
270.
- varians, 18, 125.
{ varians, 46, 127.
% varians, Explanation of figures of, on plate
xii, 270.
Schizambon, genus, 52, 107.
Schodack Landing, Section south of, by 8. W.
Ford, 27, 28.
Species from, 27.
Scolithus, in Upper, but not in Middle or Lower,
Cambrian, 62. 4
Species of, in Cambrian, 59.
Scyphia, 79.
Second fauna, 63.
Secret Cafion shale, 30.

| Section, at L' Anse an Loup, 29.

at Trois Pistoles, described by Sir William

Logan, 206.
- at Troy, by 8. W. Ford,*27.

Big Cottonwood Cafion, 41.

Cambrian, Eurcka mining district, Central
Nevada, 30.

Cambrian, White's Peak, Nevada, 41.

east of Highgate Springs, Vermont, 18.

east of Swanton, Vermont, 18.

. Eureka Cambrian, 35.

Georgia, 19, 24,43.

Georgia, at Parker’s quarry &o.,16-17.

Georgia, figure of, 16,

Grand Cafion, fossils of, 41.

Great Cambrian, of Cottonwood Cafion, 38,

Higher strata of Highland Range, 36.

Highgate, 19, 24.

Highgate, of Hitcheock, 20.

Highland Range, south of Eureka, 33,

illustrating the Taconie system, 67.

Kinderhook Creek, above Stockport, N. Y., 28.

Oquirrh Range, 39,

south of Schodack Landing, by 8. W. Ford, 27,
28.

Swanton, 24.

taken cast of Swanton by Sir William Logan,
19. L

Wasatch or Big Cottonwood, 88.

west of Saratoga Springs, 22, .
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Seotions at different points, from Highgate, in
Northern Vermont, to Rensselaer County,
New York, by Dr. Emmons, 70.
- Cambrian, Table showing correlations of, 44.
Correlation of, 40,
Group of, taken across New Hampshire and
Vermont, by Prof. C. H. Hitchcock, 20.
Selwyn, A. R. C., 24, 26, T1, 145.
Serpulites, in Upper, but not in Middle or Lower
Cambrian, 82.
Species of, in Cambrian, 60.
dissolutus, 89.
Shumardia, 153, 157.
Silurian, Lower (Ordovieian), 11, 12,
Mixing of, with Upper Cdmbrian, 12,
Silver Peak, Nevada, 36, 4.
' species from, 38.
Siphonia, 79.
Solenopleura, 19, 56, 214.
common to Lower and Middle Cambrian, 62.
8p. ¥, 26.
Species of, in Cambrian, 61.
brachymetopa, 215.
Nana, 27, 48, 214.
Nana, Explanation of figure of, on plate xxvii,
330.
(tike 8. Nana), 20.
Solenosema, 206.
Spongis, 50, 72.
Distribution of species of, in Middle Cam-
brian, 45,
‘Genera and species of, 48.
Genera and species of, in Cambrian, 62.
Genera of, in Cambrian, 59,

- Stampede Gap, section near, 33,

Stenotheca, 128,
common to Lower, Middle, and Upper Cam-
‘Yrian, 62.
Species of, in Cambrian, 60.
. Acadica, 53, 128, 129,
cornucopia, 128, 129,
elongata, 29, 32, 48, 49, 50, 125, 129.
elongata, Explanation of figures of, on plate
xii, 270.
pauper, 128, 129,
rogoss, 26, 27, 29, 46, 49, 53, 126, 128, 129, 139,
rugoss, Explanation of figures of, on plate
xii, 270.
Straits of Belle Isle, Georgia fauna occurs at the,
29, :
Straparollina, Species of, in Cambrian, 60.
Strephocbetus, 91,
Species of, in. Cambrian, 59.
# sp. 1, 38, 45, 91.
oscellatus, 91.
Strophomenidse, 52.
Styliola, 131.
Swanton, section east of, 18.
Section east of, by Sir William Logan, 19.
Section, 2¢.
T.

Taconic, On the use of the name, 65,

of Emmons considered by Dana as Lower 8i-
lurian, 70,
graptolites, 02.

INDEX,

Taconic—Continaed,

rocks, Upper division of the, 70,
series, 66.
slate, 13.
system, 65
gystem, Dr. Emmons's
67.
aystem,
66.
system, Proposition by Dr. Emmon
the, 69.
Upper, 23.
Upper, classified by Dr.
Potadam, 65.
Tentaculidas, 181.
Tentaculites, 131.
Tetradinm, Palenigma proposed in place of, 223,
Wrangeli, 223.
Theca, 131
triangularis, 132, 133.
Topsail Head, Georgia fauna vovars at, 29,
limestone, correlated by Murray, 49,
Trails of annelids, in Middle Cambrian, 72.
Trematis, 102,
¥ pannula, 105.
punctata, 105.
Siluriana, 105.
Trenton limestone, 24.
Triarthrella, in Upper, but not in Middle or
Lower Cambrian, 62.
Species of, in Cambrian, 61.
Triavthrus, Beeki, 176, 204,
trilineatus, 203.
Trichospongia sericea, 78.
Trilobita, 55. *
Trinucleus concentrieus, 152.
Trinucleus ornatus, 1562.
Triplesia, in Upper, but not in Middle or Lower,
Cambrian, 63.
Species of, in Cambrian, 60.
primordialis, 53, 122.
Trochocystites Bohemica, 95.
Troin Pistoles, Liat of species from, 26,
section, as described by Sir William Logan,
26,
Troy, N. Y., 26.
section, by 8. W. Ford, 27.

section lustrating the,
Position and relation of, by Emmong,

8 to divige

Emmons gg Pre-

U.

Upper Cambrian, 19, 99.
TUtica shale, 24, 43.

V.
Vaginella, 131.
V:;mon!ta”Norbhern Potsdam formation not ob-
gserved in, as it exists in New York, 23.
section, 28.
sections, by C. H, Hitchcock, 20.
W estern, sections, 13.
Von Jhernig, 138.

w‘
Wasatch section, §8.

correlnted, 44,
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\ﬂ.uﬂv‘d- R, 1., Cambrlan fihn corralated by, Z.
18 Zittel), Dr,, R0,
whitney, J. D, 36, Zonunthorin porforata, 70,

Winohell, N. 11, 29, Zolloglo rdsuméd, 62,
Winooski marble, 23, 143,
Wisconain Potadam aandatone fhuna compared

with Saratoga Potadam fauna, 21,
Bull. 30——24
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PLATE 1.
Page.
Fig. 1. ETHMOPHYLLUM PROFUNDUM ..cucecciccanncancamenscamnccsancancacass 84
1. Enlargement of a portion of a transverse section of specimen in which

the growth appears to have been in layers. Collection U. 8. National
Museum.

la. Outline of the section from which fig. 1 was enlarged.

1b. Enlargement of a portion of the section-shown by fig. 3b of plate ii.

The vesiculose structure is well shown. Collection U. S. National Mu-
seum.

1ec. Section of solid stem. Natural size. Collection U. S. National Museum.

226 (952)
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PLATE II.

Fig. 1. ARCHEOCYATHUS ATLANTICUS - .-.. ... S ——————

1. Transverse section of the type specimen now in the Museum of the Geo- .

logical Survey of Canada.

la. Longitudinal section of 1. At ‘‘a” the growth within the cup, spoken
of in the text, is shown. The elongate body, ‘“b,” is probably a foreign
body introduced into the cup.

Fig, 2. LEPTOMITUS LITTHLL. vowwsp cosses suan sies s s s seenssume s s

2. View of the type specimen. Natural size.

2a. Enlargement of a portion of 2, between the dotted lines. Collection U.
S. National Museum. '

Fig. 3. ETHMOPHYLLUM PROFUNDUM

----------------------------------------

3. Portion of a cast of the interior of the outer wall, showing the openings
in the septa. Collection U. S. National Museum.

3a. View of the cup of a small specimen. Collection U. S. National Mu-
seum.

3b. Longitudinal section showing the depth of the cup and the vesiculose
character of the space between the walls. An enlarged view of the

lower portion of this figure is shown on pl. i. Collection U. S. National
Museum.
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PLATE III.

Figs. 1,2. ARCHEOCYATHUS ATLANTICUS ccccecuccrn iocms iecee e cann aan,

1. Transverse section of specimen from I’Anse au Loup, Labrador, en-
larged to show the irregular openings. Collection U. 8. National
Museum. g

la. Longitudinal section showing more regularity in the arrangement of
the skeleton than in the type specimen, pl. ii, fig. 1a. Collection U. 8.
National Museum.

15. Longitudinal section of a specimen from Silver Peak, Nevada.

2. Longitudinal section of specimen from Silver Peak that shows still more
regularity in the interior structure than either 1a or 15. Collection
U. 8. National Museum. '

2a. Transverse section of fig. 2.

3. ARCHEOCYATHUS BILLINGST - - v oot oo oo e N e veen

3. Transverse section of a small specimen. Collection U. S. National
Museun.

3a. Longitudinal section showing the central cavity, transverse septa,
etc. The outer walls are mostly worn away. Collection U. S. National
Museum. _

3b. Enlargement of a few transverse septa, showing the irregular vertical
septa, pore openings in the septa, and the spicula-like pieces in the
interseptal spaces.

3c. Enlargement of the spicula-like bodies in the cup and interseptal
spaces,
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PLATE 1V,

Fig. 1. ETHMOPHYLLUM WHITNEYI. .. toieriranniosee sitttannioniscion,

1. Enlargement to two diameters of one of the type specimens. Collection
U. 8. National Museum,

1la. Enlargement of the outer surface to 10 diameters. Collection U. 8, Na-
tional Museum.

10. Longitudinal section of a specimen showing the vesiculose inner wall,
which, when the onter wall and septa are broken away, gives the form
deseribed Ly Mr. Meek as E. gracilis. Collection U. S. National Mu-
seu,

le. Transverse section showing the structure mentioned of fig. 1b still
more clearly ; also, the septa and poriferous outer wall. 37 septa. Col-
lection U. &. National Museum.

1d, le. Two transverse sections of a very small specimen, in which the walls
and septa are thickened. | -

1f. Transverse section, 1.hwm in diameter, showing eight septa. Collec-
tion U. S. National Museum.

1g. Shmilar section to 1f, with 14 septa. The two sections represented by
figs. 1d, le, indicate irregular growth, and 1f, 1g, the uninterrupted,
natural growth of the species. Collection U. S. National Museum.

1h. A larger transverse section, with 58 septa; numerous partitions between
the septa, the outer poriferous wall, and the openings between the
septa. Collection U. S. National Museun.

Fig.2. ETHMOPHYLLUM - ... ..

® s T Emme Eee S e e EE FmAE tm . omma ammommE o moeomeaoa=®s ===

2. Diagrammatic vertical seetion through the center on the line of the septa,
to show the writer’s view of the poriferous system. If the outer wall is
removed, the large pores on the line of the septum would be shown as
infig. 1, pl. iv, and fig. 2, pl. v. The inner wall is perforated by smaller
openings, and fewer of them, than the outer wall.

Fig. 3. ETHMOPHYLLUM PROFUNDUM

-------------------------------------

3. Enlargement of a portion of the section represented by fig. 1, pl. i, to
show the complicated structure more clearly,
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Fig.

Fig.

Fig.3. EOCYSTITES ? ? LONGIDACTYLUS

PLATE V.

1. ETHEMOPHYILEUM RENSSELABRIOUM . fuws e s e eess e s e s mibe s

1. A nearly perfect specimen, showing the summit and the outer poriferous
surface. Collection U.S. National Museum.

Page,
85

la. A specimen with portions of the outer wall removed, so as to show the

.septa and the poriferous surface of the inner wall, Collection U. 8. Na-
tional Museum.

1b. Transverse section showing ‘12 septa and the pores of the inner and
outer walls, enlarged. Collection U. S. National Museum,

le. Transverse section of the upper end of la, with 18 septa. Collection
U. S. National Museum. :

1d. Transverse section, where the walls and septa are thickened by addi-
tional layers. Collection U. S. National Museum.

le. Enlargement of the outer poriferous surface.

1f. Drawing of the type specimen, by Mr. S. W. Ford. The poriferous sur-
face is worn off on the raised portion. I am not satisfied but the dis-
sepiments are of accidental origin. There are about 20 septa in the
transverse section of the specimen. Collection S. W. Ford.

2. ETHMOPHYLLUM RARUM ...t coit it ot o ae ae smee veceae e ae amceemnmnn

2. View of the only specimen that can be referred to this species in the col-
lection of the Geological Survey. The outer surface is entirely re-
moved. Collection U. S, National Museuam.

2a. Transverse section of the lower end of 2, showing 9 septa.

2b. Drawing of the type specimen, by Mr. S. W. Ford. There are about 21
septa and the outer surface is removed. Collection S. W. Ford.

----------------------------------

3. Enlargement of one of the plates occurring at Pioche, Nevada. Collec-
tion U. 8. National Museum,
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PLATE VL

Fig.1. EOCYSTITES ? § LONGIDACTYLUS .. iouimt it iiieeiiccecnrcecns cannn

1. Upper half of the body of a large specimen, preserving several of the
long, slender arms. The summit, is crushed on the right side, causing
the arms to bunch together. Natural size. Collection U. S. National
Museum.

la. Outline figure, natural size, of a specimen with the plates crushed inon
each other.

1b. Enlargement of the summit of a specimen from which the plates have
been broken away, showing the structure of the arms and the casts of
the short pinnule. Three times natural size. Collection U. S. National
Museum.

lc. Enlargement of a group of plates from a large specimen, to show varia-
tion in size, outline, surface markings, and the differences in the open-
ings or pores on the margins of the plates.

Fig.2. PROTOSPONGIA ? FENESTRATA J - .ot i o ceeeeececesasnennens

2,2a, 2b. Three forms of spicul. 2a is the form rarely met with. Collec-
tion U. 8. National Museum.

A6 - (972)
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PLATE VII.
Fig, 1. LINGULBLLA CELATA iccces sassessmnsssssnanme smaans e U
1. Ventral valve, enlarged to 2 diameters. (Drawing by 8. W, Ford.)
Collection S. W. Ford.
la. Side view of same, with a view of the beak, looking from behind,
1b. Enlargement of a small dorsal (?) valve. Collection U. 8. National
Museum. .
1c. Dorsal valve, enlarged. Collection U. S. National Museum.
1d. Surface of dorsal valve, greatly enlarged.
Fig. 2. LINGULELLA ELLA. ...t it i i teccceaaaaae caaan,
2. Ventral valve, showing the area, deltidial opening, and cast of the ex-
terior surface of the valve. Enlarged. See pl.viii. Collection U.S.
National Museum.
¥ig. O, RUTORGINA PARNULA vuxsses yoni sswmes Se8ess voisoive st Saveiistae sam
3. Ventral (?) valve, enlarged. The type specimen. Collection U.S. Na-
tional Museumn. o
3a. Enlargement of a portion of the surface of 3. See plate viii.
Eig. 4. IPHIDBA BEEEA swevoc: swwnws seeime Sesas Sasese ieisiiss S5 Sausss o6 suay
4. Copy of the original figure given by Mr. Billings. Ventral (%) valve.
Collection Geological Survey, Canada.
Fig. 5. ORTHISINA TRANSVERSA 1ot cunean oo cae ceeee acae ee oe e eme amcmme aammes
5. Ventral valve, enlarged to 2 diameters. Collection U. S. National Mu-
seum. .
5a. Another specimen, showing the area. Collection U. S. National Mu-
seum.
Fig. 6. ORTHISINA ORIENTALIS . caun oo teees o eeee e s aeeamaee ene
6. Ventral valve, natural size. (After Whitfield.) Collection American
Museum Natural History, New York City.
Fig. 7. ORTHISINA FESTINATA - -« o cu oneoeoe oo e e e e
7. Ventral (?) valve and outline, natural size. Collection U.S. National
Museum. ,
7a. Dersa,I (?) valve, enlarged. Collection U. S. National Museumn.
7b. View of area of 7a. Collection U. 8. National Museum.
Fig. 8. CAMARELLA (F) ANTIQUATA . oot o o e e eeeeae mmmanannn

8. Ventral valve, enlarged. Collection U. 8. National Museum.
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PLATE VIII.

Fig.1. ACROTRETA GEMMA ..o oot imtcmmat soemm e e 98
1,1¢. Summit and side views of the dorsal valve, enlarged 3 diameters,
Collection U. S. National Museum.
1. Ventral valve, enlarged to 3 diameters. Collection U. 8. National Mu-
seum,

Fig. 2. KUTORGINA PANNULA - c.utacanecmmmnnafoncncee taeae e vaae coae e, 105

2, 2a. Side and summit views of the dorsal valve, enlarged 3 diameters. Col-
lection U. S. National Museum.

2b. Ventral valve, enlarged to 3 diameters. Collection U. S. National Mu-
seum.

2¢. Enlargement of the surface of 2.

Pig. 3. ORTHIS (1) HIGHLANDENSIS. cu o3 vesnusnaws ssspinssass insauy Sanuse sais 119

3. Dorsal valve, with most of the exterior shell worn away. Collection
U. 8. National Museum. '

3a. Cast of the interior of the ventral valve. Collection U. S. National
Museum.

3b. Exterior of the ventral valve, with the side restored from another speci-
men. Collection U. S. National Museumn.

Fig. 4. LINOGULBLLA BLEX . cammnnis swsamwovans pussssssssis ssosesimassmmemess 0

4. View of the type specimen, enlarged to 2 diameters. Collection U. S.
National Museum.

4a. Cast of the interior of the dorsal valve, showing the position of the
muscular scars. Collection U. S. National Museum.

4b. Cast of the interior of a very small dorsal valve, enlarged 6 diameters.
Collection U. S. National Museum. :

4c. Cast of the interior of a very small ventral valve, enlarged 6 diameters.
Collection U. 8. National Museum.

4d. Compressed ventral and dorsal valves from the shales of the Chisholm
mine. Natural size. Collection U. S. National Museum.

4e. Enlargement of the surface of a specimen from the shales at the Chis-
holm mine. Collection U. 8. National Museum.

Fig.5. LEPERDITIA ARGENTA 10

-=e
.............................................

5. Crushed specimen of the left valve of the carapace. Natural size. Col-
lection U. 8. National Museum.

Fig.6. SCENELLA CONULA

............
......................................

6, 6a. Side and summit views of the type specimen, énlarged to 4 diameters.
Collection U. 8. National Museum.
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PLATE IX.

Fig. 1. KUTORGINA CINGULATA -coc.ocaenannn-- T

Fig.

Fig,

Fig.

1,1a,1b. Ventral, lateral, and dorsal views of a large shell that is mostly
denuded of the outer surface. Collection U. S. National Museum.

le. Lateral view of a small shell, to compare with 1a, the height of the
dorsal valve being much less than that of 1a. Collection U. S. National
Museum.

1d. Cast of the interior of the dorsal valve, showing muscular scars. Tol-
lection U. S. National Museum.

le. Dorsal valve, enlarged. Collection U. S. National Museum.

1f. Interior of dorsal valve. Collection U. S. National Museum.

1g,1h. Compressed shells from shales of Parker’s quarry ; probably ventral
valves. Collection U. 8. National Musenm.

2. KUTORGINA LABRADORICA - .ot i et e e e e e e e e e e e e,

2,2a. Ventral valves, enlarged. Collection U. S, National Museum.
2b. Dorsal valve, enlarged. Collection U. 8. National Museum.

3. KUTORGINA PROSPECTEN SIS ct oo o mce e e oo e e

3. Ventral valve, enlarged. Collection U. S, National Museum.
3a. Dorsal valve, enlarged. Collection U. 8. National Museum.

4. ACROTHELL SUBSIDUA

----------------------------------------------

4. Ventral valve from Pioche, Nevada, showing exterior surface, enlarged.
Collection U. 8. National Museum,

4a. Interior of dorsal valve, enlarged. Collection U. S. National Museum.

4b. Ventral valve from Antelope Springs, Utah, with exterior surface re-
moved, enlarged. Collection U. 8. National Museumn.

4c. Cast of interior of dorsal valve, enlarged. Collection U. S. National
Museum.
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‘ - PLATE X.

Fig. 1. OBOLELLA CRASSA . «cuccneocnnceacnascacocesonmes smmmcsspmmneannn. ...

1. Ventral v’:;lve, showing well-preserved exterior surface, enlarged to 3
diameters. (Drawing by S. W. Ford.) Collection S. W, Ford.

la. Dorsal valve, with the outer surface exfoliated, enlarged. Collection
U. 8. National Museum. s

1b. Dorsal valve, preserving outer surface, enlarged to 2 diameters. (Draw-
ing by S. W.Ford.) Collection S. W. Ford. :

“le. Cast of interior of dorsal valve ; notation same as 1d. Collection U, 8.
National Museum. '

1d. Diagrammatic drawing of the interior of dorsal valve. (Drawing by 8.
W. Ford.) a, cardinal;j c, central, and d, lateral muscular scars; z,
area.

le. Cast of interior of ventral valve ; notation same as 1f. Collection U’ §.
National Museum.

- 1f. Diagrammatic drawing of the interior of ventral valve. ( Drawing by S.

Fig.

W. Ford.) a, cardinal; ¢, central, and d, lateral muscular scars; p,
pedicle groove.

o B DBOERELA CEMME: «ousvsmimsas sy soey e s seda o e

2. Exterior of a somewhat macerated specimen of the ventral valve, from
Bic Harbor, enlarged. Collection U. S. National Museum.

2a. Ventral valve from Troy, New York, enlarged to 6 diameters. (Draw-
ing by S. W. Ford.) Collection 8. W. Ford.

2b. Interior of ventral valve from Bic Harbor. g, cardinal ; d, lateral, and

¢, central muscular scars; p, pedicle groove. Collection U. S. National
Museum.

R¢. Interior of ventral valve from Troy, New York. The differences between

2b and 2¢ are largely owing to the condition of preservation of the shells.
Notation same as 2b. Collection U. S. National Museum.
2d. Interior of dorsal valve from Bic Harbor. Better specimens will be re-

quired in order to make out the details of structure. Collection U. S.
National Museum.

2e. Exterior of dorsal valve from Troy, New York. Collection U.S. Na-

tional Museum. :
All figures of 2, enlarged.

3. OBOLELLA CIRCE

............
--------------------------------------

3. Interior of dorsal valve. Compare with 1c, 1d. Notation same as figures
¢, 1d. Collection U. S. National Museum.

da. Interior of ventral valve (*); 3 and 3e from L’Anse an Loup. Collec-
tion U. 8. National Museum.

ves (988)
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PLATE XI.
Page.
Fig. 1. OBOLELLA CHROMATICA . .cuutumnnnenacnmnsccontorcosacnstuacccsann. 112
1. Dorsal valve from L’Anse au Loup, enlarged. Collection U. S, National
Museum.
la. Ventral valve from I’Anse au Loup, enlarged. Collection U. 8. Na-
tional Museum. ;
1b. Interior of dorsal valve, enlarged. Scars the same as in O. crassa.
Collection U. 8. National Museum.
Fig. 2. OBOLELLA NITIDA .cccce ccmcceaccccesccosssonanscncs conanecnnmns sannns 118
2. Dorsal? valve, enlarged to 5 diameters. (Drawing by S. W.Ford.) Col-
lection S.W. Ford.
Fig. 3. FORDILLA TROYENSIS..ccctctnacnvenannaannns o m=irs AR 1%
3. Right valve, enlarged. Collection U. S. National Museum.
3a. A shorter right valve than that of 3, enlarged. Collection U.S.Na-
tional Museum. ’
3b. Cast of the interior of the right valve, enlarged. Collection U. 8. Na-
tional Museum.
3c. Left valve, enlarged. Collection U. S. National Museum.
Fig. 4. DIPLOGRAPTUS ? SIMPLEX «u v cueevecnne socmnecoaannannncacannanesnnms x
4,4a. Two fronds, natural size, from the fine-grained argillites of Parker’s
quarry. Collection U.S. National Museum.
Fig. 5. CLIMACOGRAPTUS 7% EMMONSI .. oo ot ietiiiins aaanac caecnnemnmanoes 93

5. The only specimen known to me. Collection of Mr. E. Hurlburt.
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- ' PLATE XIIL

Fig 1. STENOTHECA RUGOSA
1. Lateral view of a medium-sized specimen. Collection T, S, Nationa]

Museum. _
1a. Lateral view of a more elevated and coarsely annulated specimen than

1. Collection U. S. National Museum.

15,1c. Summit views of two specimens, to show eccentricity of apex. (].
‘lection U. S. National Museum.

1d,1e. Side and summit views of a very small shell. Collection U. S, Na-

tional Museum.
All the specimeuns figured are from Troy, New York.

Fig. 2. SCENELLA 7 VARIANS .o cencmnn i tmmmme e e
9. Summit and lateral views of specimen with concentric apex. Collec-
tion U.S. National Musecum.
9q. Lateral view of specimen with eccentric apex. Collection U. 8. Na-
tional Museuin.

Fig. 3. SCENELLA RETUSA . cccrniiman i cemceeaaes S
3. Summit and lateral views of the type specimen; enlarged 3 diameters.
(Drawing by S. W. Ford.) Collection S. W, Ford.
3a. Summit view of a specimen from Troy, New York, doubtfully referred
to the species. Collection U. S. National Museum.

Fig. 4. STENOTHECA ELONGATA - - o o cecce e vmae cmee e e eme e mmm vmmeeeeeans

4. Summit view of specimen from 1’Anse au Loup. Collection U, 8. Na-
tional Museum.

4a,4b. Summit and lateral views of specimen from the Eureka District,
Nevada. Collection U. €. National Museum.

Fig. 5. PLATYCERAS PRIMEVUM . - - ot « oo e e e e e e e e e e e e e e eeeaaes
5. View of cast, right side. Collection U. S. National Museum.
Sa. Left side, enlarged to show characters of the outer surface of the shell,
Collection U. 8. National Museum. .

Fig. 6. SCENELLA RETICULATA

0,6a. Enlarged figures of the two supposed type specimens from Topsail
Head, Newfoundland. Collection Geological Survey of Canada.

Fig. 7. SALTERELLA PULCHELLA

7,7a. Castsof specimens in the ““Red Sandrock,” east of Highgate Springs,
Vermonjc. Collection U. 8. National Musenm.
7b,7¢c. Specimens from the “Winooski” marble, near Swanton, Vermont.

These probably belong to a different species. Collection U, S, Nationa!
Museum. '
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Fig.

Fig.

Fig.

PLATE XIII.

1. HYOLITHES BILLINGST: ccunus sasnosvsanmnnenesmssmeessesnes soss e,

1, 1a, 1b. Lateral, ventral, and dorsal views of a specimen from Pioche,
Nevada. Collection U. S. National Museum.

le. Transverse section of specimen from Pioche, Nevada. Collection U, §,
National Museum.

1d. Operculum associated with 1 in same fragment of rock. Collection U,
S. National Museum.

le. Specimen from I’Anse au Loup. Dorsal view and outline of transverse
section. Collection U. S. National Museum.

2. DALTEBELLA RUGOBA. ..o crsresnsmisnsos snssdiiness iansininmmmmes o

2. Enlarged view of a specimen from 1/Anse au Loup. Collection U. 8,
National Museum.

3 BAITERELLA PULCHELLA: e sosesvvwewes smemasamis oo S s e ks

3. Lateral view of a specimen from a pebble in the Point Levis limestone
‘conglomerate. Collection U. S. National Museum:.

3a. A specimen from same locality, showing the aperture and one of the
inner tubes. Collection Geological Survey of Canada.

. 4, HYOLITHES sp. undt., from Troy, New York. Collection U. S. National

Museum.

5. HYOLITHES PRINCE PS -ttt e an cm e et e e e e e e e eeeeemeececasaannn _

5, 5a. Dorsal and side view (natural size) of specimens from Bic Harbor.
Collection U. 8. National Museum.
5b. Outline of transverse section of a more convex tube. Collection U. S.
- National Museum.

« 6. HYOLITHES AMERICANUS -+t euuvmence e temcme oe e e meee tesmes anmemnnn

6. Ventral view. Collection U. 8. National Museum.

6a. Dorsal view of a narrow specimen. Compare with 6f. Collection U.
S. National Museum.

60, 6¢c. Transverse sections showing differences in outline. Collection U.
S. National Museum.

6d, 6e. Opercula, Collection U. S. National Museum.

‘ 6f. A small, unusually broad specimen. Collection U. S. National Museum.

All specimens of 6 from Troy, New York.
274 (1000)
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PLATE XIV.

Fig.1. HYOLITHES IMPAR .. ccouaaname somcenmmnnsosc smse soms comcotsonnnn i, 139

1, la. Lateral and ventral views of the type specimen. (Drawing by S,
W. Ford.) Collection S. W. Ford.

1. Outline of end of tube at point of septum, and transverse section of
same, enlarged. Collection U. S. National Museum.

le. Transverse section of 1. _

1d. Operculum from Troy, New York. Collection U. S. National Museum.

le. Cast of tube, showing constriction at the septum. Collection U, 8.
National Museum.

Fig.2. HYOLITHELLUS MICANS. ... iuucmr ceeeceeeiomceeeeccsaemn cennaeae. 142

2. A fragment of the shell remaining in a natural mold, enlarged to show
the annulations. Collection U. S. National Museum,

2a. Enlargement of the terminal portion of a tube. Collection U, S.
National Museum.

2b. A crushed specimen in shale. Presented by S. W. Ford. Collection
U. S. National Museum.

2¢. Exterior of operculum. Collection U. S. National Museum.

2d. Cast of the interior of an operculum. Collection U. S. National Mu-
seum. -

Ze. Interior of an operculum. Collection U. S. National Museum. All
specimens from Troy, New York, except 2b, which was found one mile
below Schodack Landing,

Fig.3. HYOLITHES COMMUNIS - «vuuur veece cannnn e e e e e eaeaaan . 136

3, 3a. Dorsal and side views of specimen from Bic Harbor. Natural size.
Collection 1J. 8. National Museum. '

3b. Anotherspecimen from Biec Harbor. Collection U. S. National Museum.

3¢. Operculum from Bic Harbor. Collection Geological Survey of Canada.

3d, 3e. Specimens from Troy, New York. Collection U. S. National Mu-
seum.

3f, 3g. Transverse sections to show irregularities of thickness of shell.
Collection U. S. National Musenm,

Fig. 4. HYOLITHES COMMUNIS var. EMMONSI 137

--------------------------------

4. Dorsal view of specimen showing evidence of three layers of shell and
a septum. Collection U. S. National Museum.

4a. Ventral view of a specimen, showing the constriction at the pomt. of
decollation of the apex. Collection U. S. National Museum.

218 (1004)
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PLATE XV, :
Fig.1. PROTOCARIS MARSHI - .iccuevrccaecncecccccnctcrccsncncoccncencncanas 148
1. Figure given in Bulletin 10, U. S. Geological Survey, plate x. Descrip-
tion on page 50. Reproduced here in order to show the Middle Cam-
brian fauna, as known to me, in one series of plates. Collection U. 8.

National Museum.
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Fig.

o
Fig.

Fig.

Fig.

Fig.

PLATE XVI.

1. MICRODISCUS LOBATUS .« cuncann cmmnsmomms sommne cmme babannnaacnas ..

1. Head, very much enlarged. Collection U. S. National Museum.

la. Head, showing considerable variation from 1. Collection U. 8. Nation-
al Museum.

1b. Pygidium, very much enlarged. Collection U. S. National Museum.

Original specimens from Troy, New York.

8 MICRODISCHE PARKHEL . cissssmesmprvssums sumsse s sy o e s g eeia s

2, 2a. Head and pygidium, enlarged. Collection U. S. National Musenm.

3. MIORODISCUS SPECIOBUS «.ocoimn ninem mmnmammnm mms Simmom o mmm ammmns sminie ks

3, 3a. Top and side views of a specimen, enlarged to 2 diameters. (Draw-
ings by S. W. Ford.) Coliection S. W. Ford.

3b. Pygidium, similarly enlarged. (Drawing by S. W. Ford.) Collection
S. W. Ford.

3e. Very perfect head from Troy, N. Y. Collection U. S. National Museum.

4y MICRODISOUS MERKI: cviw iu vawmesadenss sweises des saseeeses s isess

4. Type specimen, enlarged to about 3 diameters. (Drawing by S. W.
Ford.) Collection S. W. Ford. '

. 5. LEPERDITIA TROYENSIS . cccee tacccs comeccccenecenn i i e mn S

5. Sketch of the type specimen, enlarged to 3 diameters. (Drawing by S.
W. Ford.) Collection S. W. Ford.

6. AGNOSTUS INTERSTRICTUS .cccun --- b e e e e

6, 6a. Top and side views of the type specimen. Collection U. 8. National
Museum. )

7. AGNOSTUS NOBILIS - 1 e cme aaecee aemce eeeeen emne ememmnammans anananne
7. Copy of Mr. Ford’s original fignre. Original specimnen lost.
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PLATE XVIL

Figs.1, 2, 4, 9. OLENELLUS THOMPSONI .. ..ccceoccecrccrcenranccanececans n.

1. Head with an unusually broad border, from Swanton, Vermont. (Col-
lection U. S. National Museum.

2. Entire specimen from fine argillaceous shales at Parker’s quarry. Col-
lection U. S. National Museum.

4. Telson or pygidium found in the Winooski marble series, west of Park-
er’s quarry. Collection U. S. National Museum.

9. A very perfect head, preserving the natural convexity, from the de-
composed magnesian limestone east of Swanton. As portions of the
specimen were broken away other specimens were used to aid the
draughtsman in representing an entire head. Collection U. S. National
Museum.

Eigs.d, 0,6, 7, B, 10, ‘OVENELLUS AEAPHOIDER. .oocvammms mmasmmemmme. mscsmonmmmnssiss
3. Telson associated with fragments of this species at Troy, New York.
Collection U. 8. National Museum.
5. The youngest stage of development yet observed by the writer. Length,
four-fifths of one millimeter. Collection U. S. National Museum.
~ 6. A slightly larger specimen, 1.75™min length. Collection U. S. National
Museum.
7. Adult form. (After Ford.) Collection S. W. Ford.
8. Young form. (After Ford.) Collection S. W. Ford.

10. Hypostoma associated with, and supposed to belong to, this species,

Collection U. S. National Museum.
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PLATE XVIII

Fig. 1. OIENELLUS GHIBERTL .uvees sonoernose snmmmenmes sunesmwneessmsss sissss

1,1a. Top and lateral views of type specimen from Pioche, Nevada. Col-
lection U. S. National Museum.

1b. Fragment of a large head from the Eureka mining district, Nevada.
Collection U. S. National Muséum.

lo. Free cheek found detached from fixed cheek. The direction of the
suture in front of the eye is well defined; its direction, posteriorly,
may be along the line of fracture, oo; but it is impossible to satisfac-
torily determine it ; if as in fig. 14 of pl. xx, it would follow the dotted
line o, . Collection U. S. National Museum,

204 (1020)
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PLATE XIX.

Fig, 1. OLENELLUS IDDINGSI tcccaeiomrcaccatacaac ceancccnnsanscastann cans 170

1. View of the type specimen, enlarged to 2 diameters. Collection U, §.
National Museum.

Fig. 2. OLENEELUE GILBERTT cvoucassin ins oo 28 coiesstsns BRs sobmme snnmmnmes 170

2, 2a, 2b, 2k. Figures of the type specimens illustrated by Dr. White, from
Pioche, Nevada.

2¢, 2g, 2h. Specimens from the Eureka district, Nevada.

2d. A portion of a head referred to this species, showing the same carrying
forward of the genal angles that is shown in specimens from the Eureka
district. Groom distriet, Nevada.

2e. A worn specimen of a young individual of this species, or Olenellus
Iddingsi. Groom district, Nevada.

2f. Hypostoma associated with this species in the Eureka district, Nevada.

2i. Prolonged pleura of third (?) segment of thisspecies. Associated with 2f.
All originals of 2 are in the collection of the U. S. National Museum.
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Fig. 1. OLENELLUS GILBERTI.ccnvnvmmenn- - sttt . LT 17
1, 1e. Smallest specimen of the head in the collection ; eyes distant from

the glabella. . '
1a. A Jarger specimen than 1, but with the genal angles carried forwarq,
while the eyes are close to the glabella.
1b. Genal angles normal, but eyes united to the glabella by an orular rigge,
1d. Head showing the anterior position of the genal spines, gg, and the ap.
gles of the posterior margin, &%, extravagantly developed. The diffep.
ence in the length of the ocular ridges of the right and left sides is also
very marked. Natural size.
The smallest individual in which the posterior course of the facial sut-

le.
ure was observed., The outline of the head is much like that of fig. 1.

Natural size.

1f. A specimen from Southern Nevada, with the genal spines still further
advanced than those of 1d.

1g. Form intermediate in contour of head between figs. Ld and le, g9, Ge-

nal angles and spines; xz, angles of the posterior margin. Natural

size. ,-
1h. The eyes in this specimen are no longer pedunculated or united to the
glabella by an ocular ridge, and the genal angles are more posterior,
The course of the facial suture, in front of the eye, is also seen for the

first time. Natural size, _

1i, Example in which the genal angles are in the same position as in the
adult individual in species of this genus. The eyes are more embry-
oni¢ in character than in the preceding example. Natural size.

1%k. Broader and more common form, showing the same peculiarities as fig.
Lm, Natural size,

11. The right and left sides are irregularly developed, the genal spine on
the left side being more anterior in position. The course of the facial
suture is traced in accordance with its position, as observed in fig. 6.
Natural size.

Im. Narrow form, with the eyes of the adult type, and having the genal
angles carried forward, as in the younger individuals, 1¢, le, 12 Nat-
ural size.

The originals of the above are in the collection of the U. 8. National Mu-
senn.

Figi 2. PARADORTOEN KIBRIERE v apuvnvnoss iummun cosmes o0 e s o S e s

2. Outline of head showing the position of the genal angles and angles of
the posterior margin, zz, with the interocular spive; also, the ocular
ridge (@) uniting the glabella and eyes. (After Linnarsson.)

Figi 3, OEanEros SERRBTNIE s ssmass, e e

3. Embryonic form showing the circular outline, the genal spines in close
proximity to the facial suture, and the interacular spines, enlarged 3%
diameters. (After Ford.) Collection 8. W. Ford.

3a. Another phase of the development of this species, succeeding with
probably intermediate forms, fig. 3. The position of the genal spines,
g9, and the sutures cutting the posterior margin at the angles, 2z, is
_Gompa.r‘ablc to the same in fig. 1e, enlarged to 5 diameters. (After Ford.)
Collection 8. W. Ford. (See plate xvii.)

3b. Normal adult type of the head of this species, enlarged to 2 diameters.
(After Ford.) Collection 8. W. Ford.

Fig. 4. OLENELLUS GILBERTI.._... ... ... ..

4, N&I.‘IOW form of head that shows the angles in the posterior margin, &
Ehg%ﬂ:ly developed. Natural size. (After White.) Collection U. S.
National Museum.
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PLATE XXI.
Page.
Figs. 1 and 2. OLENELLUS GILBERTI - «ccvuentaroerencncniecoieaneneneeas 170

1. Normal form of the species, except the unusual prolongation of the third °
segment. Collection U. 8. National Museum.

la. Outline of the specimen from which fig. 1 was enlarged. Natural size.

2. Specimen broadened by longitudinal compression. The head shows
features observed in the series of heads figured on plate xx. The long,
slender extremities of the genal spines and the terminations of the third
thoracic segments are not often observed. Collection U. S. National
Museum.

2a. Outlined figure from which fig. 1 was enlarged. Natural size.
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PLATE XXII.

Fig. 1. OLENELLUS THOMPSONI.cuuurcacecenncncecnans cessccancscans s e

1. A nearly entire specimen from Parker’s quarry. Natural size. Collec-
tion U. 8. National Museum.

310 (1036)
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PLATE XXIII.

Fig, L, OLENBIEUS THOMPBONT isusvwcevs sns suasvs swowes weun wnun swanessmsis 167

1. A specimen showing an unusual prolongation of the thlrd segment,.
Collection U, S. National Museum.

314 (1040)







http://www.geology.19thcenturyscience.org/books/1886-Walcott-CambrianFaunas/README.htm

PLATE XXIV.

Fig.1; MEEONACIS VERMONTANA icvessaaesvssnscas suvavs smansespadsans sunens

1. Copy of the original figure of the type speclmen of the species. Collec-
tion American Museum of Natural History, New York City.

la. A very perfect specimen from the collection of Mr. E. Hurlburt. The
matrix is in the U. S. National Museum collection. '

1b. Enlargement of the posterior portion of 1la. The spine projecting from
the fifteenth segment is flattened down on the thorax more than is
shown in the figure.

Fig. 2. PARADOXIDES RUGULOSUS teveces o ammne camcnnacccce e nnes e

2. Pygidium and four posterior thoracic segments, enlarged after Bairande
(Syst. Sil. Bohéme, vol. i, pl. ix, fig. 31, 1852), which is introduc >d for
comparison with fig. 1b.

318 (1044)
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig,

Fig.

Fig.

Fig.

PLATE XXV.

1. ANOMOCARE ? PARVUM . e
1. View of type specimen, f’n]fn e tl Cnﬂec(lrm U S. National Museum,

9, DLBNOIDES TYPIOALIB couiu: sovamuinns Seees s0edsiaiis smmmmemssiis

2. View of type specimen, enlarged to 2 diameters.  The free cheeks are
displaced in the original and are restored from another specimen, (Qol.
lection U. 8. National Museuin.

2a. A verysmall head, greatly enlarged. The differences, as compared with
fig. 2, are in the form of the glabella and glabellar furrows. Collection
U. S. National Museum.

8 U RN OTD BB T VI o s seoionss S wisv oo Sssms Ses 8. & e

3. View of the type specimen. Collection U. S, National Museum.

3a. Lateral view of 3.

4. ULENOIDES: § PLAGRICATDIIB: .ovuis v swwmvwins $6eosesewmid §5.55 ommmns

4. View of the type specimen from Pioche, Nevada. Collection U, 8. Na-
tional Museum.

5. PTYCHOPARIA HOUSENSIS. . ... ittt i i e

5. View of the type specimen from Antelope Springs, Utah. Collection U.
S. National Museum,

6. OLENOIDES SPINOSUS . contnm it it e oo et et e e e e

6. View of type specimen from the Eureka distriet, Nevada. Natural size.
Collection U. S. National Musenmn.

6a. Head of this or a closely allied species from Yioche, Nevada. Preserved
In an arenaceous shale. Collection U, S, National Museum.

7. OLENOIDES NEVADENSIS - o oo oot oo oo e e

7. View of the type specimen of tlic genus and speeies from Antelope
Springs, Utal. Collection U. S. National Museum.

8. OLENELLUS ASAPHOIDES - 0o oot oo e e e e e e

8. Enlargement of a bit of the shell of the Irv'. cheek. I'rom Troy, New
York., Collection U.S. National Museum. (See plate xvii.)

9. AsAPHISCUS WHEERLERY . ... ... ... .. ... S S S WA

9. Hypostoma, enlarged. (See plate xxxi, fig. 3.) Collection U. S. Na-
tional Museum.
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Fig.

Fig.

Fig.

Fig.

Fig.

PLATE XXYVI.

1. PPYCHOPARIA ADAMEL iuvisionswassnusss somns sunens s550as rmmmms s sy

1. Head from the ‘Red Sandrock,” east of Highgate Springs. Collection
U. S. National Museum.

la,1b. Narrow and broad form of head from the limestone ‘‘lentile,” two
miles east of Swanton. Collection U. S. National Museum.

le. Nearly entire specimen from Parker’s quarry. Original in the collec-
tion of the Museum ot Comparative Zoslogy, Cambridge, Massachusetts.

2. PTYCHOPARIA PIOCHENSIS - e ot e ceem meme e e e e e oo

2,2a. View of two heads that vary a little in detail. Collection U. 8. Na—
tional Museum,

2b. Free cheek associated with 2, 2«. (See plate xxviii.) Collection U. 8. Na-
tional Museum.

2

« PTYCHOPARIA TEUCER. - - oo e e e e e e e e e e e e ST

3. View of specimen from the * Red Sandrock,” east of Highgate Springs.
Collection U. S. National Museum.

4. PTYCHOPARIA VULCANUS

--------------------------------------------

4. Compressed specimen from Parker’s quarry. Collection U.S.National
Museum. _

4a. More perfect specimen from the ¢ Red Sandrock,” east of Highgate
Springs. Collection U. S. National Museum.

e et ases EEEE EEEe EEES cEEe EBWESS FeSE ==

5.-OLENOIDES MARCOUI ....
5

"

;5a. Head and pygidium from the arenaceous shales of Parker’s quarry.
Collection U. 8. National Museum.

5b. Interior of pygidium, Collection U.S. National Museum.
326 (1052)
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Fig.

Fig.

Fig.

Fig.

1. PTYCHOPARIA TRILINEATA - .cccerccammncmcocscccece sacennonnaceanian,

1. Figure of one of Dr. Emmons’s original specimens, now in the Amer-
ican Museum of Natural History, New York City.

la, 1b. Drawings, by S. W. Ford, of the species as he identified it at Troy,
New York, enlarged to 2 diameters. Collection S. W. Ford.

le. Copy of figure in American Geology, vol.i, pt.2, pl.i,fig.7. Original

specimen unknown to the writer.

.9, PIrYCHOPARIA MIBER. ovcecassossssis sbdnvsdunnee annk sbsen asnessbtess

[

. Figure drawn from the type specimen in the collection of the Geological
Survey of Canada.

3. SOLENOPLEURA NANA - o toct tare coee commecscommn amenmnsmmens annnonnn

o

. Enlarged figure of specimen from Troy, New York. Collection U. 8.
National Museum.

K PPVOEOPARTIR BTNOT oo pmr o s e i s i e s s mamm
4, 4a. Views of the type specimens. Collection U. 8. National Museum.
5: PTYCHOPARIA T PROSPHEUTHNBIN . conus susaes savevs swess wmmsem e mmes
5.

330 (1056)

View of the type specimen, enlarged. Collection U. S. National Museum. '
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PLATE XXVIII.

Fig. 1. PTYCHOPARIA PIOCHENSIS. cccceenncecar=s SR e
1. Largest head observed. The gradual narrowing of the frontal limb and
margin is shown by figs. 1, 1a, 10, 1¢, 1d.  Collection U. 8. National Mu-

seum. ' _

Specimens showing decrease in size: la, 19 thoracic segments; 1b, 19
thoracic segments; le¢, 17 thoracic segments; 1d, 16 segments pre-
served.) Collection TT. 8. National Museum.

le. Hypostoma associated with this species. Collection U. 8. National Mu-
geurm.

See plate xxvi, figs. 2, 2a.

Fig. 2. CREPICEPHALUS AUGUSTA .. ocumniiman i e ien iaceme cecean e e

2. Head, natural size. Collection U. S. National Museum.

2a. Pygidium associated with the heads of this species. Collection U. S.

~ National Museum.

2h. A much smaller head showing variations from fig. 2. Collection U. S.
National Museum.

Fig. 3. CREPICEPHALUS LILIANA .ooc ot iiie i i i it cemccaeceen el

3. Large head, with granulose surface. Collection U. S. National Museum.

3a. Pygidium associated with 3in the same fragment of rock. Collection
U. 8. National Museum,.

3b. Cast of a smaller head. Collection U. 8. National Museum.

Fig. 4. PIYOHOPARIA BUBCORONATA: uon i <ot sud (uSaseFash saeevv vbsassmawses
4. Figure of the type specimen figured by Hall & Whitfield, enlarged to 4
diameters. Collection U. S. National Museum.
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PLATE XXIX.

Fig. 1. OLENOIDES QUADRICEDPS . «ccuonomeniemn ceee eee e

Fig.

Fig.

Fig.

1. Original figure of Dikellocephalus quadriceps Hall & Whitfield, enlarged
to 3 diameters. Collection U. S. National Museum.

la. Side view of fig. 1.

15, 1e. Top and side views of associated pygidium. Collection U. 8. National
Museum.

2. OLENOIDES WAHSATCHENSIS - - ccccn oot mme caen conecomone e o oL

2. View of the type specimen of Dikellocephalus Wahsatchensis Hall & Whit-

- field. Collection U. S. National Museuum.

2a. View of type specimen of Dikellocephalus? gothicus Hall & Whitfield,
Collection U. S. National Museum.

3. ORYCTOCEPHALUS PRIMUS -« - o e ccn e e ee mmee e e ememme e

L -

3. Head with the free cheeks in outline; the latter are raised up and ap-
pear broader than when attached to the central parts of the head. Col-
lection U. S. National Musemm.

3a. Pygidium that is associated in the same piece of rock with the head
wherever the latter is found, enlarged to 4 diameters. Collection U. 8.
National Museum.

4. PTYCHOPARIA QUADRANS

--------------------------------------------

4. Central portions of the head with the free cheeks restored in outline.
This figure varies from that given in vol. iv, Geol. Expl. Fortieth Par.,
pl. ii, fig. 11. It is drawn from a specimen marked as the type of the
species.

4a. Associated pygidium.

4b. Associated free cheek.
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PLATE XXX,
| Paga.

Fig, 1. BATHYURISCUS PRODUCTUS -- cccvueoancoroacncr casecaranninmsnernie. 917

1, 1a. Narrow and broad forms of the head. Wasatch Mountains.

1b. Free cheek associated with la.

le. Large head from the Highland Range.

1d. Pygidium associated with 1lc.

le. Type of Ogygia parabola Hall & Whitfield.

1f, 1g, 1h. Pygidia showing variation in form.

1i. Restoration from specimens obtained in the Oquirrh Range. Originals

in collection U. 8. National Museum.

Fig. 2. BATEAYURISOUS HOWRLIT cvvins covsws swvsvns suws caswiy yosesswvan evsses 216

2. Type specimen, enlarged to 2 diameters. Collection U. S. National Mu-
seum. .

2a. Central portions of head, enlarged to 2 diameters. Collection U. S. Na-
tional Museum.
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PLATE XXXI.

Fig. 1. BATHYNOTUS HOLOPYGA <cccceccracrorossoviorsoncceesona. cnacasanne,.
1. View of a nearly perfect specimen ; the long eye-lobes are crushed down,
Natural size. Collection U. 8. National Museum. _
la. View of the free cheeks and hypostoma in position. Collection U. S,
National Museum.
Fig. & PROTYDUSGIENTECTIIS « wwmnen wwom eosen wommommsn stsismsuss wmssims ot w:sein o i s s o s s
2. View of flattened specimen. Collection U. S. National Museum.
2a. Specimen laterally compressed. Collection U. S. National Museum.
2b, 2¢. Pygidinm associated with the heads 2 and 2a. Collection U. 8. Na-
tional Museum.
Bige 3. SSAPIISOUS] NV HBISTIIEE - romcn s comisssiss ot s st s s Ao, sl
3. A figure pastially restored, as a portion of the pygidium and free cheeks
is broken away in the type specimens. Collection U. S. National Mu-
seum.
3a. A head that has a strongly-marked glabella. Free cheeks broken away.
Fig.4. ProTYPUS HITCHCOCKI ....... e S § CEVSer s

4. Figure of the type specimen. (After Whitfield.) Collection American
. Museum Natural History, New York City.
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PLATE XXXII.

Fjgs. 1-12. MATTHEVIA VARIABILIB .. covens sascos snmdasasnsns sososssasesssons 2%

1, 2, 3. End, side, and summit views of the most characteristic form, en-
larged.
4. Associated operculum, with portions of the shell removed.
5. A more conical form than 1.
6. Cast of the interior of another operculum.
- 7,8,9. Summmmit, end, and side views of the conical variety, having a deeply
sinuous margin.
10. Transverse septum crossing the inner chamber of the shell, as at &' in
fig. 1a, pl. xxxii1 -
11. Section of the apex broken oft’ at the septa,in the inner chambers.
12. Enlargement of the inner surface of the chamber of habitation.
The originals of the above are in the collectmns of the U. 8, National
Museum.

350 | (1076)
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PLATE XXXIII.

Fig. 1. MATTHEVIA VARIABILIS - tccuun tvmnas vammme mmwmms vmms tommn meee e, 2%

1,1a, 1b. Casts of the chamber of habitation and the inner chambers, The
septa are seen at s, s’, and the outline of the shellis traced. Collection
U. 8. National Museum:.

le. End view of a conical specimen. The cast of an inner chamber and
the relative thickness of the outer shell are shown ; also, the character
of the outer surface. Collection U. 8. National Museum.

la. Diagrammatic transverse section to show the shell (a a); the inner
chambers (¢, ¢) ; the chamber of habitation (b), and the septa (s 8) be-
tween the latter and the inner chamber ; (x), transverse section of the
shell and inner chambers.

le,1f. Enlarged sections of the shell to show its peculiar vesiculose struct-
ure. The section (1e) is oblique to the axis of the shell, which gives it
the irregular form. Collection U. 8. National Museum.

Fig. 2. PALENIGMA WRANGELL. -« . s e eooeoiemaeraeanecmsceamnscasannsannns &R
2,2a. Side view and section of summit of a specimen, the apex having
been broken away.
2b. Summit view of what is probably the line of a septum.
%c. Side view of a smaller specimen than 2.

354 (1080)
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